I  A0-A117  449  MCDONNELL  D0U6LAS  CORP  L0N6  BEACH  CA  p/6  1/3 

A  combined  hazard  index  fire  test  METH0D0L06Y  FOR  AIRCRAFT  CABI— ETC(U) 
APR  62  H  H  SPIETHf  J  6  6AUMe»  R  E  LUOTO  D0T>FA77mA-4019 

OOT/FAA/CT-82/36-2  NL 


UNCLASSIFIED 


MICROCOPY  RESOLUTION  TEST  CHART 

NAIIONAI  BUPIAU  0»  STANDARDS  19b.T  A 


AD  All 7449 


DOT/FAA/CT-82/36-ll 


A  Combined  Hazard  Index  Fire 
Test  Methodology  for  Aircraft 
Cabin  Materials  -  Volume  II 


H.  H.  Spieth 
J.  G.  Gaume,  M.D. 
R.  E.  Luoto 
D.  M.  Klinck 


McDonnell  Douglas  Corporation 
Douglas  Aircraft  Company 
Long  Beach,  California  90846 


Final  Report 
April  1982 


This  document  is  available  to  the  U.S.  public 
through  the  National  Technical  Information 
^rvice,  Springfield,  Virginia  22161. 


us  Oepatment  of  Itansponohon 

rwvfw  iwiviwn  Aonwiffovion 

Technical  Cantor 

Ariantk  City  Airport,  N.J.  08405 


-  ..A. 


The  United  States  Gotramment  does  not  endorse  pro¬ 
ducts  or  manufacturers.  Trade  or  manufacturer’s  names 
appear  herein  solely  because  they  are  considered  essen¬ 
tial  to  the  object  of  this  report. 

This  document  is  disseminated  under  the  sponsorship 
of  the  Department  of  Transportation  in  the  interest  of  in¬ 
formation  exchange.  The  United  States  Government 
assumes  no  liability  for  the  contents  or  use  thereof. 


METRIC  CONVERSION  FACTORS 


j  I .  Repor I  No 


ccetftion  No. 


boT/FAA/CT-82/36-lI  |  ^  J)  -  IfH  ^ 

4.  Title  ond  Subtitle 

A  COMBINED  HAZARD  INDfX  FIRE  TEST  METHODOLOGY 
pOR  AIRCRAFT  CABIN  MATERIALS,  VOLUME  II 


Technical  Kaport  Documantotion  Papa 


3.  Recipient's  Cotelo^  No. 


5.  Report  Oete 

April  1982 


4.  Rerfoneing  Orgontsetten  Cede 


^  Author's)  H.  H.  Splet 

R.  E.  Luoto  and  D.  M.  Klinck 


P0rform$ng  Orgonixotion  Nome  ond  Address 

Douglas  Aircraft  Company 
|383S  Lakewood  Boulevard 
Long  Beach,  California  908A6 

I 


12.  Sponsoring  Agency  Nome  and  Address 

ifederal  Aviation  Administration 
jTechnical  Center 

‘V  Atlanlfic  City  Airport,  New  Jersey  08405 


8.  Performing  Orgonitotion  Report  No. 

DOT/ FAA/ CT-82/ 36-1 I 


10.  Work  Unit  No.  (TRAIS) 


11.  Centroct  or  Grant  No. 

181-350-210 


18.  Type  of  Report  end  Period  Covered 


14.  Sponsoring  Agency  Code 


I  IS  Supplementary  Notes 

jVolume  1  -  Development  and  Results 
jVolume  II  -  D'  Sign  Details 


^^6.  Abstract 

*Thi.s  report  supplements  the  description  of  the  methodology  developed  for  ranking 
cabin  materials  for  combined  hazards  generated  in  a  survlvable  crash  fire  presented 
in  Part  1  of  the  report.  More  conq) rehens ive  procedures  are  presentedfor  the  cali¬ 
bration  and  operation  of  the  computer-augmented  Ohio  State  University  Calorimeter 
modified  to  derive  the  new  materials  fire  hazards  testing  apparatus  known  as  the 
Combined  Hazards  Analysis  System  (CHAS).  Definitive  derivations  of  the  human  sur¬ 
vival  models  for  temperature,  smoke,  and  toxic  gases  used  in  the  hazards  analysis  and 
a  thorough  presentation  of  the  mathematics  used  in  the  Fortran  Fire  Analysis  Computer 
Program  are  presented.  A  full  description  of  the  full-scale  fire  testing  method  used 
during  the  development  and  demonstration  phases  of  the  program  is  presented  to  give  a 
better  understanding  of  the  capability  of  the  laboratory  methodology  to  rate  materials 
on  the  basis  of  the  relative  passenger  escape  time  potential  from  a  cabin  section. 

Part  II  Is,  essentially  a  working  manual  which  will  assist  greatly  those  committed  to 
duplicating  and  successfully  operating  the  CHAS.  The  CHAS  methodology  is  useful  for 
development  of  new  fire  resistant  materials. 


I  17.  Koy  Words 

Aircraft  Cabin  Fire  Safety 
Aircraft  Interior  Materi.al8 
Combined  Fire  Hazards 
Fire  Test  Methodology 
Fire  Measurements 


19.  Security  Clot  si  I.  (of  fliit  ropert) 

Unclassified 


Farm  DOT  F  1700.7  (8-72) 


18.  Distribution  Stotomont 

Document  is  available  to  the  U.S.  public 
through  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161 


30.  Socwrily  Clottil.  (of  lltit  pofo) 

Unclassified 


Roaraductlofi  a(  camsUtod  pof*  outhorliod 


PREFACE 


This  report  was  prepared  as  Part  II  of  a  research  program  conducted  by  the 
Douglas  Aircraft  Company,  a  Divisional  Company  of  the  McDonnell  Douglas 
Corporation,  under  Contract  Mo.  D0T-FA77WA-4019  for  the  Federal  Aviation 
Administration  of  the  U.  S.  Department  of  Transportation.  Until  his 
retirement  Mr.  Robert  C.  McGuire  was  Program  Manager  for  the  Federal  Aviation 
Administration  and  has  been  succeeded  by  Mr.  Constantine  P.  Sarkos  at  the 
Federal  Aviation  Administration  Technical  Center. 

The  report  was  divided  Into  two  parts:  Part  I  described  the  Improved 
technology  Investigated  to  upgrade  existing  methods  for  testing  the 
flammability  of  aircraft  cabin  materials;  Part  I I  was  prepared  to  satisfy  the 
needs  of  Investigators  who  are  Interested  In  building  up  similar  laboratory 
test  equipment  and  provides  detailed  operational  procedures,  computer  data 
acquisition  and  processing  program  listings,  and  detailed  derivations  of  the 
hazards  analysis  models  used  to  rate  cabin  materials  In  fire  by  the  common 
denominator  of  passenger  escape  time  potential. 

A  large  number  of  McDonnell  Douglas  personnel  In  many  related  technical  fields 
made  Important  contributions  to  the  successful  completion  of  the  program. 
These  Individuals  have  been  acknowledged  In  the  Part  I  Preface.  In  addition 
to  these  Individuals,  Yolanda  Cortez  and  Terry  Johns  deserve  special  thanks 
for  their  work  with  the  word  processors  used  to  complete  the  two  reports. 
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I.  INTRODUCTION 


Part  I  of  this  report  presented  the  development  and  evaluation  of  the  Combined 
Hazards  Index  (CHI)  methodology  for  ranking  aircraft  materials  for  their 
collective  combustion  hazards. 

Part  II  contains  detailed  descriptions  of  ancillary  equipment  and  test 
procedures  needed  to  modify  a  standard  Ohio  State  University  Heat  Release  Rate 
Calorimeter  (OSU-HRR)  into  a  laboratory  test  facility  known  as  the  Combined 
Hazards  Analyses  System  (CHAS).  A  Single  Animal  Test  System  (SATS), 
integrated  with  CHAS,  is  also  described.  Dimensions  and  operational  details 
are  given  for  the  specifically  developed  thermally  insulated  SATS  and  the 
Multiple  Animal  Test  (MATS)  chambers.  These  were  used  in  correlation  studies 
of  large  scale  and  laboratory  scale  animal  incapacitation  data  reported  in 
Part  I.  The  CHAS,  a  major  part  of  the  test  procedures  and  the  supporting 
computer  data  processing  programs,  were  developed  prior  to  the  CHI  program. 
The  original  work  was  done  as  part  of  the  McDonnell  Douglas  Independent 
Research  and  Development  Programs  in  Fire  Safety.  This  contribution  greatly 
aided  the  development  of  the  more  refined  test  procedures  and  protocols  used 
in  the  CHI  program. 

Part  II  provides  all  of  the  important  details  for  use  by  those  who  wish  to 
delve  deeper  or  assemble  and  operate  similar  laboratory  or  cabin  size  test 
equipment.  It  should  not  be  inferred,  however,  that  strict  adherence  to  the 
assembly  details  and  selection  of  equipment  is  a  necessity.  Experience  has 
shown  that  certain  modifications  to  the  chamber,  use  of  fast  response  gas 
monitoring  instruments,  and  proper  implementation  of  the  computerized  data 
acquisition  and  reduction  programs  will  improve  materials  hazards  measurement 
precision.  Thus,  other  combustion  product  gas  monitors  having  similar 
operational  characteristics  with  respect  to  speed  of  response  sampling 
volume,  stability,  etc.,  may  be  used.  Some  of  the  modifications  to  the 
OSU-HRR  may  not  be  needed.  Extension  of  sample  hold  chamber  required  to  make 
use  of  the  mass  loss  unit  with  an  auxiliary  air  cooling  system  fall  in  this 
category. 

A  simultaneous  opening  and  closing  mechanism  for  the  upper  and  lower  radiation 
doors,  closing  off  the  hold  chamber  before  and  after  injection  of  a  sample, 
will  improve  precision  and  repeatability  of  measurement.  The  listed  data 
acquisition  and  reduction  programs  are  compatible  only  for  use  with  the 
Hewlett  Package  Model  9825A  controller  and  bus  operated  data  scanner,  digital 
voltmeter,  clock,  and  a  plotter. 

Considerable  modification  of  the  programs  will  be  required  if  other  computer 
systems  are  used,  since  the  language  will  differ. 

All  of  the  gas  monitors,  pumps  and  the  mass  loss  unit  are  commercially 
available.  The  gas  sampling  system  was  assembled  using  standard  parts.  The 
SATS,  refractory  radiation  doors  and  the  associated  opening/closing  mechanism, 
adaption  of  the  mass  loss  unit  and  cooling  system  on  the  sample  injection 
assembly,  the  housing  for  the  gas  sampling  system  smoke  filter,  and  low 
thermal  capacitance,  10  X  10  inch,  sample  holders  were  custom  built.  The 
smoke  detector  was  also  constructed  using  the  schematic  and  parts  specified  in 
the  current  OSU-HRR  test  procedure  document  under  review  by  the  ASTM. 
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Part  II  contains  additional  discussion  and  derivations  forming  the  basis  for 
the  hazards  limit  relationships,  the  Fortran  coding,  and  output  of  the  fire 
analysis  computer  program.  Other  sections  present  supplementary  information 
on  the  composition  of  the  panel  materials  tested,  and  large  scale  cabin  fire 
simulator  test  procedures  and  results. 


H.  CHI  LABORATORY  EQUIPMENT  AND  OPERATION 


LABORATORY  TEST  EQUIPMENT 

The  CHAS/SATS  is  comprised  of  four  operational  subsystems: 

1.  A  modified  Ohio  State  University  heat  release  rate  calorimeter  modified 
to  measure  rate  of  weight-loss  of  the  sample  as  it  burns,  in  addition  to 
heat  and  smoke. 

2.  A  gas  sample  extraction  and  release  rate  monitoring  train  for  CO,  HCN, 
CO2,  NO/NOx,  O2  (Depletion),  unburned  hydrocarbons  (CHx),  and  gas  syringe 
batch  sampling  of  gases  for  which  monitoring  instruments  are  not 
available  (aldehydes,  HF,  HCl,  etc.)  and  a  capability  for  determining 
release  rates  for  seven  additional  toxic  gases  commonly  generated  by 
cabin  materials  in  fires. 

3.  A  10-channel  data  acquisition/reduction,  calculator  controller  and 
printer/plotter  system  and  a  formatter/tape  unit  needed  to  collect  all 
the  release  rate  data  in  compatible  form  for  use  in  calculating  CHI  using 
the  Fortran  IV  (IBM  370)  Fire  Analysis  Computer  Program  (FACP). 

4.  An  instrumented  animal  (rat)  time-to-incapacitation  (Ti)  rotating  wheel 
mounted  in  an  airtight  plexiglas  enclosure  (SATS)  connected  to  the  gas 
extraction  system  installed  on  the  HRR  calorimeter. 

MODIFICATIONS  TO  THE  OSU  HRR  CALORIMETER 

The  basic  mechanical  details  and  construction  of  the  HRR  equipment  described 
in  References  1  and  2  have  been  preserved.  The  sample  holder  and  injection 
mechanism  has  been  modified  to  accomodate  a  cage  type  cantilever  mass  loss 
transducer  (MLT)  so  that  mass  burning  rates  can  be  measured  while  the  test 
sample  is  burning  in  the  HRR  chamber.  A  photograph  of  this  modification  is 
shown  in  Figure  1.  Detail  drawings  of  the  sample  holder/injection  assembly 
are  presented  in  Appendix  A,  Figure  A-1-1  through  A-1-4.  A  wiring  diagram  for 
the  MLT  is  available  in  Appendix  A,  Figure  A-2. 

A  new  type  of  sample  holder  having  minimum  weight  and  thermal  capacitance  was 
constructed  to  aviod  overloading  the  MLT  with  10  X  10  inch  (25.4  X  25.4  cm) 
samples  mounted  for  testing.  This  holder  is  constructed  so  that  a  sample  burn 
both  on  the  front  and  back  surfaces,  as  could  occur  in  an  actual  fire.  The 
holder  dimensions  and  construction  are  shown  in  Appendix  A,  Figure  A-3  .  The 
front  sample  holder  support  tube  has  provision  for  feedthrough  of  a 
thermocouple  to  the  center  of  the  test  specimen  to  monitor  surface  or  interior 
temperature  while  a  material  burns.  Other  modifications  required  to 
successfully  accommodate  and  use  the  MLT  include  a  hold  chamber  extension 
duct,  Appendix  A,  Figure  A-4,  and  single  action  opening  refractory  radiation 
doors  shown  in  Appendix  A,  Figure  A-5.  These  radiation  doors  are  constructed 
of  low  thermal  conductivity  material  so  that  the  hold  chamber  temperatures  may 
be  held  at  lower  levels  for  each  heat  flux  setting.  Excess  temperature  rise 
inside  the  insulated  box  housing  the  MLT  must  be  prevented  to  avoid  thermal 
drift  in  the  MLT  baseline  signal  which  reflects  as  an  error  in  the  weight  loss 
determination.  The  remaining  baseline  drift  is  easily  corrected  to  zero  weight 


FIGURE  1.  MASS  LOSS  TRANSDUCER  AND  SAMPLE  HOLDER  INJECTION  ASSEMBLY 


loss  in  the  computer  data  acquisition  program  after  standardizing  runs  are 
made.  As  shown  in  the  Figure  2  schematic,  a  known  constant  flow  of  cool 
(ambient)  air  is  introduced  into  the  hold  chamber  to  keep  this  area  cooler 
prior  to  a  test  run.  Immediately  after  placing  the  sample  holder  MlT  assembly 
in  the  hold  chamber,  the  3  way  valve  must  be  turned  to  divert  the  airflow  at 
the  same  rate  into  the  MLT  housing  to  assure  temperature  stability.  This 
airflow  (230  ft^/hr.),  is  included  with  the  main  airflow  rate  set  for  the 
HRR  chamber.  It  does  not  shift  the  thermal  baseline  set  for  the  calorimeter, 
since  the  air  flows  out  of  the  MLT  unit  into  the  maih  chamber  as  part  of  the 
total  flow,  and  the  baseline  is  taken  after  the  air  is  diverted  into  the  MLT. 

A  six  position,  neutral  density  filter  wheel  is  mounted  in  front  of  the  smoke 
meter  sensor  housing  to  calibrate  the  smoke  meter.  This  contains  neutral  den¬ 
sity  filters  having  optical  density  values  of  0.1,  0.2,  0.3,  0.4,  and  0.8  with 
the  sixth  left  blank  for  the  test  run. 

GAS  SAMPLING  AND  CALIBRATION  SYSTEM  -  The  gas  sampling  and  monitoring  system 
(see  schematic  Figure  2)  for  the  CHAS  includes  the  following: 

1.  A  3/8"  0.0.  Teflon®  (TFE)  coated  stainless  steel  (SS)  gas  and  smoke 
sampling  probe  installed  through  the  side  wall  of  the  chimney  using  a 
standaro  SS  Swagelok  bulkhead  fitting. 

2.  A  heated  248^F  (120''C),  heavy  wall  TFE  gas  distribution  line  conducts  gas 
flow  through  a  valve  directly  into  the  animal  test  system  (SATS).  A 
heated  fiber  glass  smoke  filter  and  acid  gas  scrubber  system  is  connected 
between  the  pumps  and  gas  monitors. 

3.  A  gas  monitor  calibration  system  consisting  of  span  gas  mixtures,  pure 
gases,  and  zero  gas  needed  to  adjust  the  monitors  prior  to  a  test  run.  A 
valve  controlled  auxiliary  gas  supply  from  this  calibration  gas  manifold 
permits  the  operator  to  direct  the  flow  of  selected  span  gas  mixtures 
through  the  gas  monitoring  train,  or  by  turning  the  3-way  valve,  of  pure 
gases  into  the  HRR  chamber  through  a  1/4"  perforated  gas  introduction 
tube. 

The  HCN  monitor  is  caliorated  directly  using  a  permeation  tube  heated  oven  and 
flow  control/mixing  unit  (Reference  3).  HCN  mixtures  in  compressed  cylinders 
are  generally  unstable  for  use;  because  of  the  reactivity  of  this  gas  with 
cylinder  walls,  the  concentration  may  change  daily. 

Standard  flow  control  valves,  flowmeters,  SS  tubing  (0.25  in.  x  0.026  in. 
wall),  TFE  diaphragm  pumps,  47  mm  diameter  filters,  50  ml  syringes,  standard 
SS  and  TFE  fittings,  heating  tapes  and  autotransformers,  an  electronic  digital 
timer,  and  TFE  diaphragm  pumps  cwnplete  the  gas  sampling  system. 

A  descriptive  list  of  all  monitors  and  parts  for  this  system  appears  in  the 
Equipment  List  section  of  Appendix  A. 

The  detection  and  quantitative  accuracy  of  measurement  of  the  individual  gases 
depends  on  maintaining  the  integrity  of  the  sample.  Care  must  be  exercised  to 
prevent  undue  loss  of  the  reactive  gases,  HF,  HCl,  HCN,  aldehydes,  etc.  in  the 
tubing.  Heated  TFE  lines,  fittings  and  valves  are  used  at  critical  locations 
to  reduce  losses  of  the  reactive  gases  by  condensation  or  absorption  up  to  the 
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point  at  which  they  are  sampled,  while  selectively  removing  the  active 
components  (HF,  HCl)  that  will  damage  the  CO,  CO^,  O^,  and  CHx  gas 
monitors  downstream.  Thus,  a  TFE  "T"  fitting  with  a  septum  is  installed  at 
the  gas  sampling  probe  line  close  to  the  chimney  to  withdraw  syringe  gas 
samples  at  timed  intervals  for  HCl,  HF,  aldehydes  and  other  gases  not 
monitored  in  real  time.  The  smoke  and  acid  gases  are  removed  in  tandem  by  the 
heated  2  x  12  inches  (50  mm  O.D.  X  30.48  mm)  filter  tube  filled  with  fiber 
glass  and  the  acid  gas  glass  (or  SS)  U-tube  scrubber  guarding  the  pump  and  the 

real  time  gas  monitors.  By  design,  the  OSU  HRR  Calorimeter  divides  the 

airflow  so  that  75*  of  the  total  flows  through  the  outer  pyramidal  section 
(see  schematic)  and  the  remaining  25%  flows  upward  over  the  burning  test 
specimen  and  exits  from  the  inner  pyramidal  section  into  the  chimney.  The  gas 
sampling  probe  is  positioned  below  the  outlet  of  the  inner  pyramidal  section 
to  avoid  the  3  times  dilution  of  released  gases  that  would  result  if  the  probe 
were  placed  at  the  top  of  the  chimney.  At  a  total  flow  of  60  ft^/min 
(1699  liter/min),  15  ft^/min  (424.7  liters/min)  flows  through  the  internal 
pyramidal  section.  The  flow  rate  of  gases  pumped  through  the  sampling  probe 
is  much  lower:  0.035  ft^/min  (I  liter/min)  through  the  CO,  CO2  and  CH^ 
monitors  (connected  in  series),  and  the  HCN  and  NO/MO;,  monitors;  0.()I766 

ft  /min  (0.5  liter/min)  through  the  O2  monitor,  and  0.4944  ft^/min 
(14  liter/min)  through  the  SATS.  Flows  can  be  adjusted  to  isokinetic  levels, 
if  required  by  adjusting  the  flow  rate  or  installing  a  probe  with  a  different 
inlet  opening  size.  Under  current  operating  flow  conditions  the  ratio  of 

extracted  gas  flow  to  mainstream  flow  is  so  low  (approximately  1%)  that 

reversal  of  outer  pyramidal  section  air  flow  is  avoided. 

Tne  CO  and  CO2  monitors  are  not  subject  to  interferences  or  nonspecific 
reponse  at  the  concentration  levels  of  gases  released  in  the  analyte  com¬ 
bustion  product  stream  if  the  gas  cell  drying  agents  provided  in  these 
instruments  are  maintained. 

The  microfuel  cell  sensor  in  the  O2  monitor  (Infrared  Industries)  is 

specific  for  oxygen  and  will  not  lose  sensitivity  even  if  it  is  exposed  to 

atmospheres  containing  high  concentrations  of  CO2. 

The  unburned  hydrocarbons  and  other  combustible  gases  (including  CO)  are 
measured  by  the  CHx  monitor  in  terms  of  a  methane  (CH4)  equivalent.  Oxy¬ 
genated  and  other  hydrogen  substituted  combustible  gaseous  species  (alcohols, 
ethers,  esters,  aldehydes,  etc.)  are  also  detected. 

The  HCN  monitor  silver  electrode  detector  responds  to  CI2  and  H2S  in  addi¬ 
tion  to  HCN.  However,  CI2  gas  is  not  normally  produced  from  chlorine  con¬ 

taining  polymeric  materials  subjected  to  fire  environments.  Materials  such  as 
wool  carpeting  or  wool/nylon  seat  fabrics  do  contain  sulfur  and  evolve 

quantities  of  H2S  in  fires.  A  H2S  filter.  Appendix  A,  Figure  6,  was 

developed  to  remove  H2S  gas  from  the  analyte  stream  sampled  by  the  gas  train 
in  tne  monitor.  This  filter,  which  consists  of  a  heated  ”1"  inch  diameter 
(2.54  cm)  glass  tube  6  inches  (20  cm)  in  length  filled  with  a  loosely 
stratified  pack  of  fiber  glass  alternated  with  powdered  lead  carbonate, 

efficiently  removes  HpS  with  little  loss  of  HCN.  During  the  testing  of  all 

panel  materials,  the  HCN  monitor  was  used  without  the  lead  carbonate  filter 
for  both  the  laboratory  and  full-scale  testing,  since  elemental  sulfur  was 
absent  and  H2S  was  not  evolved. 
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FABLE  I 


CHAS  INSTRUMENTATION  MEASUREMENT  CHARACTERISTICS 


H.P.  3052A 

RELEASE  RATE 

CHAS  DETECTION 

INSTRUMENT 

CHANNEL 

PARAMETER  MEASURED 

RANGE 

DELAY 

TIME 

OSU  Design 

i 

1 

Smoke  Optical  Density 

0-2 

0.2 

sec 

! 

'  West  Coast  Res. 

,  Corp.  &  Dac 

2 

Mass -Loss,  g/min 

2-1000  g. 

0.01 

sec 

■ 

I  OSU  HRR  Cal. 

3 

Heat  Release,  Kw/m^ 

2-2000  kw/m^ 

2 

sec 

'  MSA  LIRA  303 

4 

CO.  ppm  V/V 

0-7500  ppm 

17 

sec 

i  Beckmjn  864 

1 

5 

CO2,  i  V/V 

0-2. 5X 

18 

sec 

1  Kin- lex  (Dowj 

6 

HCN  ppm  V/V 

0- 100  ppm 

30 

seed) 

;  leiedyne  326A® 

7 

03,  %  V/V 

0-25X 

20 

sec 

Infra  Red  Ind.  ^ 

)  7 

O2.  *  V/V 

0-2. 5X 

19 

sec 

j  Teledyne  175 

8 

CH4.  X  V/V 

0-2. 5X 

19 

sec 

,  Material  Surface 
1  Thermocouple 
;  CR-Al  Type  "K* 

9 

Material  Temp,  °K 

0-1000  Ok 

0.1 

sec 

Inermoel^tron 
Corp.  ® 

10 

NO/NOx,  ppm  V/V 

0-10,000 

15 

sec 

©  Used  for  Panel  1  tests 


©  Used  for  Panels  2,  3  and  4  tests. 

©  Reduced  to  6  sec  for  Panels  2,  3  and  4  tests. 

©  Used  only  for  Panel  2,  3  and  4  tests. 

Tne  gas  monitors  are  commercially  available  instruments  and  essentially  detect 
and  quantitatively  measure  each  gas  selectively  with  minimum  or  no  interference 
from  other  gases  in  tne  combustion  mixture.  Table  1  lists  the  monitors  used  and 
the  analytical  sensing  method  employed  by  each  instrument  employed  in  the  CHAS. 

Two  dual  pen  strip  chart  recorders  plot  the  analog  outputs  from  the  HRR  Calori¬ 
meter  thermopile,  smoke  meter,  MLT,  and  one  other  parameter;  or,  alternatively, 
sample  front  surface  radiant  flux  levels,  or  carbon  monoxide  release.  These 
recorders  are  useful  for  pretest  adjustments  of  airflow  versus  radiant  panel 
energy  settings  and  observation  of  heat  and  smoke  meter  baselines  prior  to 
beginning  a  test.  They  also  afford  some  degree  of  redundancy  and  a  check  of  the 


reproduciDi 1 ity  of  the  on-line  Hewlett  Packard  data  acquisition/reduction  system 
(HP-ADAS).  The  data  is  stored  on  the  HP  9825A  calculator  tape  cassette  lor 
disk)  from  each  channel  identified  on  the  schematic.  Figure  2  and  in  Table  1. 
For  a  10  minute  burn  period,  6000  data  points  are  recorded  defining  the  primary 
combustion  characteristics  of  the  material  for  use  in  the  FACP.  At  this  stage, 
the  data  may  be  processed  and  reduced  using  the  HP  9825A  programs  delineated  in 
Appendix  A.  The  output  available  from  these  programs  consists  of  individual 
plots  (HP  9862A)  showing  the  rate  of  release  of  heat,  smoke,  and  gas,  and  mass 
loss  as  the  material  burns  in  the  HRR  chamber,  and  a  list  of  digitized  data  (HP 
/245A)  for  each  hazard  over  the  burn  period,  if  desired.  The  HP  9825A  tape 
cassette  data  is  then  transferred  to  IBM  370,  9  track  900  BPI  7  inch  tape  using 
the  BPIB  buffered  controller  Oylon  model  1015A  formatter/ tape  recorder.  This 
interface  system  translates  the  HP  acquired  data  into  language  compatible  for 
use  with  the  Fortran  IV  programming  required  in  the  IBM  370  computations  of 
CHI.  Figure  3  shows  the  HP  data  acquisition/reduction  sytem  and  the  Oylon  for¬ 
matter/tape  accessories. 

ANIMAL  TIME  TO  INCAPACITATION  TEST  CHAMBER  -  In  order  to  utilize  animal 
time-to-incapacitation  (Ti)  as  a  measure  of  the  toxicological  hazard,  Douglas 
designed  and  fabricated  an  exposure  chambeo  Figure  4.  The  plexiglas  chamoer, 
has  a  central  shaft  driven  at  low  RPM  by  a  variable  speed  electric  motor/gear 
reduction  drive  mechanism.  A  contact  bar,  positioned  in  the  slot  of  the  split 
wheel,  is  supported  on  a  flexible  beam  containing  a  strain  gage  at  each  end  of 
the  contact  bar.  This  provides  an  assembly  that  outputs  deflection  voltages 
generated  when  the  animal  (rat)  steps  on,  or  contacts  the  bar.  The  voltage  out¬ 
puts  from  each  strain  gage  are  summed  in  a  signal  conditioner  and  then  recorded 
using  a  standard  strip  chart  instrument  having  a  full-scale  response  of  2  -  50 
MV/full  scale.  A  sensor  of  slightly  different  design  was  developed  at  FAA 
Technical  Center,  formerly  NAFEC  by  Dr  J.  Spurgeon  (Reference  4).  This  single 
wheel  animal  test  system  (SATS)  has  been  integrated  with  the  CHAS  to  obtain  Ti 
data  along  with  the  other  monitored  release  rate  data.  Because  of  the  dilution 
occurring  in  the  HRR  continuous  flow  chamber,  toxic  dose  buildup  in  the  animal 
chamber  must  be  attained  rapidly  to  obtain  a  Ti  or  Td  (time-to-death)  result  in 
less  than  20  minutes.  The  developed  test  procedure,  therefore,  provided  for  a 
gas  and  smoke  pumping  rate  of  0.494  ft^/min  (14  1 iters/min)through  the  chamber 
which  has  a  free  volume  of  0.19  ft^  ^5.4  liters/min).  This  sampling  rate, 
therefore,  allows  2.59  nominal  volume  interchanges  per  minute.  The  SAIS  chamber 
was  isolated  at  the  highest  CO  production  rate  and  held  in  this  condition  while 
the  Ti  test  was  completed. 
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FIGURE  3.  CHAS  DATA  ACQUISITION  AND  PROCESSING  SYSTEM 


CALIBRATION  OF  CHAS/SATS 


Each  of  the  subsystems  of  the  CHAS/SATS  require  calibration  on  a  run-to-run  or 
day-to-day  basis  to  ensure  repeatability  and  accuracy  of  measurements.  A  set 
of  calibration  curves  must  be  plotted,  one  for  each  fire  response  parameter, 
that  relates  the  change  in  analog  signal  output  (millivolts)  with  the  quantity 
(concentration)  of  the  parameter  being  measured.  A  polynomial  curve  fit  of 
the  plotted  data  is  calculated.  The  coefficients  for  each  parametric 

polynomial  equation  are  used  in  the  HP  data  acquisition/reduction  program  to 
digitize  the  data  output  by  the  CHAS  instrumentation. 

HEAT  release  RATE  BY  UNCOMPENSATED  DTP  -  Preliminary  to  a  run,  two  HRR 

calibration  measurements  are  made:  (1)  a  reading  of  the  Globar  radiant  heat 
flux  at  the  center  and  at  the  same  distance  away  as  the  front  surface  of  t^ 
test  sample  during  a  run  using  a  calibrated,  water  cooled,  Hycal® 

Calorimeter,  and  (2)  adjustment  of  the  airflow  rate  to  that  selected  for  the 
test  l60  ft^/min  (1599  liters/min)]  using  a  calibrated  absolute  pressure 
differential  gauge  -  orifice  meter  and  a  flowmeter  to  set  the  airflow  through 
the  hold  chamber/MLT  unit.  The  HP-ADAS  program  contains  a  section  useful  for 
adjusting  the  differential  pressure  reading  to  set  the  flow  rate. 

Tne  temperature  difference  between  air  entering  the  main  burn  chamber  of  the 
HRR  Calorimeter  and  that  leaving  is  monitored  by  a  thermopile  (TP)  having  3 
cold  and  3  hot  24  gauge  chromel -alumel  junctions.  The  hot  junctions  are 
spaced  across  the  top  of  tne  exhaust  stack  (See  Figure  2).  The  cold  junctions 
are  located  in  the  air  distribution  pan  at  the  bottom  of  the  chamber  below  the 
air  distribution  plates. 

Two  parameters  must  be  set  to  determine  the  heat  release  factor  for  the  HRR 
Calorimeter:  (1)  the  airflow  rate  and  (2)  the  volume  of  fuel  gas,  of  known 

neat  content,  burned  per  unit  time  in  the  HRR  inner  chamber. 

A  ?-flame  calibration  burner  tube  is  substituted  for  the  lower  pilot  light  to 
accomplish  the  calibration  runs,  as  described  in  detail  in  Reference  1. 

A  sharp  edge  type  orifice  and  differential  pressure  gauge  is  used  to  adjust 
tne  airflow  rate  through  the  HRR  chamber.  A  standard  flowmeter  and  parallel, 
valve  controlled,  air  supply  is  adjusted  to  a  flow  of  230  ft^/hr  to 
ventilate  and  cool,  alternately,  the  hold  chamber  or  the  MLT  unit  during  a 
run.  Table  2  lists  a  range  of  differential  pressure  gauge  settings  versus  the 
corresponding  airflow  rates  that  may  be  used  for  both  calibration  and  test 
runs.  Figure  5  shows  a  plot  of  differential  pressure  versus  airflow  using 
data  from  Table  2.  A  total  flow  of  60  ft^/min  (1699  liters/min)  total 
airflow  split  to  provide  56.17  ft^/min  (1591  liters/min)  through  the  HRR  air 
distribution  system,  and  3.83  ft^min  (108  liters/min)  through  the  hold 
chamber  or  MLT  unit  was  selected  as  the  operational  mode  for  all  testing. 
Natural  gas  (90%  methane)  having  a  heat  content  of  1060  Btu/ft^lwith  some 
seasonal  variation)  or  some  other  gas,  such  as  propane,  (with  a  known  heat 
content)  is  used  for  this  calibration. 

Witn  the  airflow  adjusted  to  the  selected  test  level,  and  the  gaseous  fuel 
supply  connected  to  a  wet  test  gas  meter  and  to  the  multiple  flame  burner 
placed  over  the  end  of  the  pilot  flame  tubing  using  a  gas  tight  connection, 
proceed  as  follows  by  referring  to  the  schematic  of  Figure  6: 


-12- 


TABLE  2 


AIRFLOW  RATES  VERSUS  DIFFERENTIAL  PRESSURE  READINGS 


P  GAUGE 
READINGS 

EQUIVALENT  HRR 

total  airflow 

ADJUSTED  AIRFLOW 
TOTAL  AF-MLTAF0 

ADJUSTED 

P 

LINEAL  AIRFLOW 
RATE  OVER  SAMPLE  | 

PSI 

INCH  Hg 

ft^/min 

1/min 

1/min 

cm/sec  I 

mm 

0.51 

20 

566 

458 

0.43 

4.04 

0.6 

1.22 

30 

849 

741 

0.92 

6.54 

3.32 

1.0 

2.04 

40 

1025 

1.73 

9.04 

4.59 

1.57 

3.20 

50 

1416 

1308 

2.65 

11.54 

2.20 

4.48 

60 

1699 

1591 

3.93 

14.04 

2.94 

5.99 

70 

1982 

1874 

5.35 

16.54 

8.40 

,  3.78 

7.70 

80 

2265 

2157 

7.02 

19.04 

9.67 

4.71 

9.59 

90 

2548 

2440 

8.86 

21 .54 

5.75 

11.71 

100 

2724 

10.91 

24.04 

12.21 

6.80 

13.84 

no 

3115 

3007 

12.83 

26.54 

13.48 

8.00 

16.29 

120 

3398 

3290 

15.27 

29.04 

14.75 

9.10 

18.53 

130 

3573 

17.71 

31 .54 

16.02 

10.30 

20.97 

140 

3964 

3856 

20.10 

34.04 

0  Adjusted  Airflow  =  Equivalent  HRR  Total  Flow-Hold  Chamber,  MLT  Airflow 
Hold  Chamber  or  MLT  Airflow  =  230  ft^/Hr  =  3.83  ft^/min 
Equivalent  HRR  Total  Flow  used  for  Tests  =  60  ft^/min 
Substituting  above  airflow  values; 

Adjusted  Airflow  =  Equiv.  HHR  Total  Flow  -  3.83  ft^/min  =  60-3.83  = 
56.17  ft^/min  airflow  set  for  HRR  Cnamber  input. 

NOTE:  The  values  listed  in  Table  2  and  plotted  in  Figure  10  relate  only 
to  the  orifice  meter  used  with  the  CHAS.  Other  meters  and  equipment  will 
require  individual  calibration. 

1.  Open  the  valve  from  the  natural  gas  main  supply  (be  sure  flow  control 

valves  VI  &  V2  are  closed). 

2.  Switch  3-way  valve,  V3,  to  supply  natural  gas  pressure  from  the  main  tap 
to  valve  VI . 

3.  Slowly  open  VI  until  wet  test  meter  shows  a  low  flow  of  gas  is  being 

delivered  to  the  multipe  flamelet  burner,  and  ignite  the  burner. 

4.  Adjust  VI  until  flamelet  heights  are  approximately  1.6  inches  (4  cm)  or 

0.4-0. 6  inch  water  manometer  differential  pressure  is  observed.  Heat 
release  should  be  not  less  than  80  Btu/min  (1.4  kW). 

13.  Switch  V3  to  the  other  bypass  leg  supplying  V2  with  gas. 

6.  Open  V2  until  wet  test  meter  shows  flow,  and  reignite  multiple  flamelets 
on  burner. 
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FIGURE  5.  CALIBRATION  CURVE-HRR  CALORIMETER  AIRFLOW  RATE 
VERSUS  PSI  AND  INCHES  OF  MERCURY 


DIFFERENTIAL  PRESSURE  INCHES  OF  MERCURY  (Hg) 


/.  Adjust  V2  until  flamelet  heights  are  approximately  8-10  Inches 
(20-25  cm.).  Water  manometer  pressure  should  not  exceed  limits  for 
instrument  (usually  about  6  inches),  and  heat  release  should  not  exceed 
440  Btu/min  (7.75  kW). 

3.  Switch  V3  back  to  flow  into  VI  bypass  leg  and  allow  thermopile  reading 
(mv)  to  stabilize  on  the  strip  chart  recorder.  This  establishes  baseline 
which  should  not  vary  from  steady  state  "zero"  readings  for  5  minutes  by 
more  than  +0.02  mv  read  from  the  strip  chart  recorder. 

9.  Set  wet  test  meter  dials  to  zero  and  start  electronic  timer  as  meter 
needle  passes  zero. 

10.  Allow  low  flame  condition  on  burner  to  establish  baseline  for  a  time 
sufficient  to  burn  1-2  ft^  of  natural  gas  and  record  the  wet  test 
volume  and  the  time  (in  seconds)  in  the  appropriate  columns  in  Table  3. 

11.  Switch  V3  to  high  flame  condition  in  the  multiple  flamelet  burner.  The 
DTP  signal  level  recorded  on  the  strip  chart  recorder  should  move  sharply 
upward  (+  mv  direction). 

12.  Reset  to  zero  all  dials  on  wet  test  meter  and  on  the  electronic  timer. 
Restart  time  as  main  meter  needle  passes  zero. 

13.  Allow  high  flame  burn  to  continue  for  not  less  than  10  minutes.  Record 
wet  test  meter  volume  and  elapsed  time  on  the  timer  and  the  mv  response 
above  baseline  from  the  recorder  chart  in  the  appropriate  columns  of 
Table  3.  Reference  1  calls  for  recording  the  mv  response  at  4-minute 
burn  intervals  until  a  constant  increase  and  decrease  of  the  mv  signal  to 
baseline  is  achieved. 

14.  Repeat  steps  7  through  13  at  least  three  more  times,  adjusting  flamelet 
heights  to  different  levels  by  use  of  valve  V2.  Recoi^d  natural  gas 
consumption  and  mv  DTP  response  for  each  run  in  Table  3. 

15.  Using  the  formulas  provided  in  Table  3  calculate  the  kW/m^/mv 
conversion  factor  that  corresponds  to  the  sample  size  to  be  tested. 

16.  Record  baseline  heat  absorption  profiles  for  the  specimen  holder  (without 
specimen)  at  each  radiant  heat  flux  level  used  for  testing  materials. 

This  calibration  factor  for  heat  release,  kW/m^/mv  and  the  specimen  holder 
baseline  corrections  are  input  into  the  HP-AOAS  program  for  use  in  calculating 
and  plotting  the  data  recorded  during  an  experimental  burn  test  in  the  CHAS, 
only  if  the  DTP  is  used  to  measure  heat  release  rates. 

RADIANT  HEAT  SOURCE  -  The  radiant  heat  source,  which  consists  of  4  silicon 
carbide  elements  PJlobar,  Union  Carbide  Co.)  is  used  with  a  variable 
autotransformer  power  source  to  generate  heat  flux  levels  up  to  8.81  Btu/ft^ 
sec  (10  W/cm^).  A  working  curve  similar  to  Figure  7  is  plotted  to  allow 
rapid  setting  of  the  radiant  flux  level  by  adjusting  the  voltage  input  into 
the  Globar  elements.  This  is  accomplished  by  reading  the  radiant  flux  at  4 
inches  (also  the  test  sample  distance)  from  the  radiant  panel  using  a  Hycal 
model  R-8015-C  radiometer  for  vertical  specimens  and  a  P-8400-J  pyrohel iometer 
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for  horizontal  specimens.  Figure  8  is  a  copy  of  the  National  Bureau  of 
Standards  based  plot  of  the  R-8015-C  Calorimeter  millivolts  output  against  the 
measured  radiant  heat  flux.  The  use  of  voltage  settings  per  Figure  7  to  obtain 
a  desired  radiant  flux  level  is  reliable  for  a  period  of  1-2  months.  With 
ageing  and  extended  use,  the  heat  flux  output  versus  voltage  of  the  power 
transformers  will  change  slowly,  necessitating  restandardization  with  the 
Hycal  calorimeter. 

SMOKE  METER  -  Special  neutral  density  filters  have  been  mounted  in  a  wheel. 
These  are  needed  for  setting  the  range  of  the  smoke  meter  and  obtaining  mv 
versus  optical  density  readings  from  which  a  calibration  curve  and  polynomial 
equation  curve  fit  can  be  determined  and  used  during  a  test  run.  The  filters 
have  been  accurately  measured  for  optical  density  using  a  spectrophotometer. 

MASS  LOSS  TRANSDUCER  (MET)  -  The  mass  loss  tranducer  has  the  following 
operational  parameters: 

0  Total  sample  weight  (plus  holder)  =  up  to  2  Kg  (0.9  lb.) 

0  Nonlinearity  -  less  than  1%  at  ambient  temperature 

0  Baseline  Thermal  Drift  =  0.1%  for  first  5  minutes;  and  less  than  +  2%  for 
second  5  minutes  of  test  at  5  W/cm^  HRR  radiant  flux  setting. 

0  Dynamic  Response  =  0.1158  mv/V/100  grams 

A  calibration  curve  for  the  MLT  is  generated  by  plotting  the  change  in 
millivolt  output  versus  weight  change  by  "dead  loading"  the  sample  holder, 
with  standard  calibrated  analytical  balance  weights.  An  HP  plot  of  this 
calibration  showing  the  linearity  of  response  of  the  MlT  appears  in  Figure  9. 
The  slope  of  this  curve  is  calculated  to  obtain  the  dynamic  reponse  value 
(mi  1 livolt/lOOg  wt.  change/volt  excitation)  which  is  used  in  the  HP  data 
reduction  program  to  determine  the  mass  loss  burning  rate  of  the  material 
mounted  in  the  sample  holder. 

GAS  MONITORS  -  Cali  or at  ion  of  the  gas  monitors  was  accomplished  either  (1) 
directly  by  flowing  standard  analyzed  gas  mixtures  of  varying  composition 
supplied  sequentially  from  compressed  gas  cylinders  fitted  with  2-stage 

Regulators  and  manifolded  on  the  gas  system  input  to  the  monitors,  as  shown  in 
Figure  6,  or  (2)  by  introducing  the  pure  gases  by  a  tube  located  below  and 
near  the  plane  corresponding  to  the  test  specimen  front  surface.  Method  (1) 
was  used  to  set  zero  and  gas  monitor  span  readings  prior  to  each  run.  The 
additonal  span  gas  mixtures  are  useful  in  checking  the  instrument  responses 
and  preparing  the  calibration  curves  for  each.  Method  (2)  provides  a 
technique  (as  discussed  in  Reference  2)  of  injecting  pure  gases  directly  into 
the  HRR  chamber  to  closely  simulate  the  way  in  which  gases  are  evolved  by  the 
test  sample  and  to  provide  accurate  system  response  delay  time  for  each 
monitor.  Method  (1)  was  used  to  prepare  the  calibration  curves  for  the 
testing  described  in  this  report,  since  direct  calibration  requires  larger 
quantities  of  high  purity  gases  for  each  monitor. 
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Table  4  summarizes  the  span  gas  mixtures  (Matheson  analyzed  and  certified) 
used  for  calibration. 


TABLE  4 


STANDARDIZED  SPAN  GASES  &  MIXTURES 
(Compressed  Gas  Cylinders) 


SPAN 

GAS  CONC 

■NTRATIONS 

IN  CYLINO 

ER 

GAS 

NO. 

*  CO 

X  CO2 

*  O2 

X  CH4 

X  N2 

— 

X  NO 

1-S 

0.3654 

2.086 

18.46 

0 

BAL 

0 

2-S 

0.4100 

2.170 

1.97 

0 

BAL 

0 

3-S 

0.2086 

1.245 

15.88 

0 

BAL 

0 

4-S 

0.1083 

0.8184 

12.57 

0 

BAL 

0 

5-S 

0 

0 

0 

5.0 

BAL 

0 

6-S 

0 

0 

0 

0 

99.5 

0 

7-S 

0 

0 

0 

0 

BAL 

0 

1-C 

99.5 

0 

0 

0 

0 

0 

1-B 

0 

99.5 

0 

0 

0 

0 

1-C 

0 

0 

0 

99.5 

0 

1 

0 

The  analyzer  and  certified  compressed  gas  cylinder  mixtures  (span  gases  1-S 

through  7-S)  are  suitable  for  calibration  for  the  CO,  CO2,  03,  NO/NOx,  and 

CHx  monitors. 

Calibration  curves  for  CO  and  CO2,  Figures  10  and  11,  were  plotted  by  the  HP 
3052A  ADAS  system  using  the  output  readings  obtained  from  the  standard  span 
gas  mixtures  listed  in  Table  4.  These  curves  were  programmed  in  the 
calculator  to  obtain  the  respective  polynomial  equations  and  coefficients 
using  a  curve  fit  routine. 

The  response  of  the  Op  monitor  is  a  straight  line  in  the  range  from  zero  to 
25  percent  oxygen  depletion.  Thus,  for  this  instrument,  the  baseline  is  set 
to  the  known  air  concentration  (20.95*)  for  each  test. 

Tests  employing  blends  of  methane  in  nitrogen  gas  in  the  range  of  zero  to  5* 
methane  show  that  the  total  combustibles  monitor  is  also  quite  linear  in 

response.  Span  gases  5-S  and  6-S  are  used  to  calibrate  and  set  the  range  of 

response  of  the  detector  output  prior  to  a  test  (Method  1  and  2). 

Experience  with  these  monitors  has  shown  each  to  be  quite  stable,  uniform  in 
repeatability  and  free  from  drift  during  8-hour  test  periods.  More  frequent 
calibrations  to  set  baselines  and  spans  are  required  for  the  CO  and  CO2 
monitors  if  the  barometric  pressure  changes  greatly  during  the  day.  The  CHx 
monitor  airflow  and  sample  flow  settings  require  frequent  adjustment  to 
achieve  repeatable  readings. 
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FIGURE  10.  CO  CALIBRATION  AND  POLYNOMIAL  EQUATION  CURVE  FIT 


.so 


FIGURE  11.  COp  CALIBRATION  AND  POLYNOMIAL  EQUATION  CURVE  FIT 


The  CHAS  gas  sampling  system  (Figure  2)  is  provided  with  a  hypodermic  syringe 
septum  and  gas  introduction  line  plumbed  into  the  system  upstream  of  the 
pump.  This  is  a  useful  feature  since  it  permits  injection  of  large  syringe 
(1500  ml)  serial  dilution  mixtures  of  CO,  CO2.  O2,  CHx  to  check  instrument 
calibration  and  the  standard  gas  cylinder  mixtures  for  significant  changes  in 
calibration  gas  concentration  due  to  “ageing"  in  cylinders  over  long  periods 
of  use.  The  line  connecting  the  acid  gas  scrubber  to  the  valve  upstream  of 
the  pump  (V2)  is  removed  and  capped  to  prevent  dilution  of  the  calibration 
mixture.  The  gas  system  pump  is  used  to  pump  the  syringe  dilutions  through 
the  various  monitors.  The  response  of  an  instrument  may  be  charted  using 
several  dilutions  employing  the  HP -ADAS  system  to  take  the  data  and  plot  the 
curves  on  the  same  chart. 

Figure  12  illustrates  the  use  of  the  span  gas  mixtures  and  the  serial  dilution 
syringe  technique  for  checking  instrument/data  acquisition  system  calibration 
and  diagnostic  response.  Figures  12  (a),  (b)  and  (c)  show  relatively  rapid, 
accurate,  and  stable  response  to  the  span  gas  mixture  concentrations. 
Figure  12  (d)  shows  the  response  of  the  CO  monitor  to  direct  injection  of  the 
CO/N2  syringe  samples  as  a  cross  check  of  the  span  gas  mixtures  used  to 
calibrate  the  monitors. 

The  real-time  gas  monitors  require  from  30  minutes  to  1.5  hours  to  warmup  and 
thermally  stabilize.  Thus,  it  is  good  practice  to  leave  those  monitors 
requiring  the  longest  warmup  time  (CO  and  CO2)  turned  ^  overnight  to  avoid 
testing  delay  the  next  day.  The  heated  smoke  and  HpS  filters,  and  the  TFE 
lines  connecting  the  gas  sampling  probe  (HRR  stack)  in  the  HRR  to  these 
filters  and  the  gas  monitors  also  are  maintained  at  a  temperature  of  120^0 
during  standby  periods.  The  oxygen  analyzer  should  be  turned  off  during 
longer  periods  of  standby  (overnight  or  on  weekends)  since  the  internal  gas 
sampling  pump  will  give  longer  service. 

The  CHx  analyzer  catalytic  bead  type  detector  will  lose  sensitivity  if  it  is 
operated  without  airflow  mixed  in  with  the  analyte  stream  flowing  through  the 
sampling  system.  Combustibles  without  at  least  a  2  to  1  ratio  mixture  with 
oxygen  should  never  be  allowed  to  flow  past  the  sensor.  The  range  of  this 

instrument  is  0-5X  combustible  gas;  however,  it  is  actually  operated  at  a 

sensitivity  of  0-2. 5<  combustibles  (methane  equivalent)  due  to  the  one-to-one 
dilution  with  air.  Accuracy  is  greatly  dependent  on  maintaining  the  airflow 
through  the  detector  at  a  1:1  ratio  with  the  sample  stream. 

The  above  monitors  may  be  checked  for  response  either  by  use  of  the  zero  and 
span  gas  cylinder  mixtures,  or  by  mixing  known  concentrations  (by  dilution) 
employing  pure  CO,  CO2,  O2.  and  CHx  in  a  1500  ml  acrylic  syringe 

containing  one  or  two  small  aluminum  foil  strips  to  aid  in  mixing  the  gases 

injected  from  a  low  volume  syringe  into  the  larger  one.  Once  mixed,  the  gas 
syringe  blend  is  injected  through  the  septum  provided  on  the  CHAS,  '*•  it  may 
be  pumped  through  the  monitoring  train.  The  syringe  procedure  is  used  only 
when  it  is  desired  to  check  the  regular  calibration  span  gas  mixtures  for 
changes  or  to  obtain  monitor  readings  not  available  with  the  span  gas  mixtures. 

The  following  instructions  must  be  followed  to  activate  and  calibrate  the  real 
time  gas  monitor  system  (refer  to  schematic.  Figure  2): 

1.  Close  valve  VI,  isolating  the  SATS  from  the  gas  sampling  system. 
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2.  Open  72  and  V5  and  switch  the  CO  and  CO2  monitors  on.  Warmup  requires  1 
to  2  hours  to  attain  thermal  stability.  Calibration  can  proceed  when 
meter  needles  show  constant  readings  near  low  end  of  the  dial  (use  zero 
controls  to  keep  needle  on  scale). 

3.  With  V4  closed,  turn  on  and  adjust  pressure  regulated  compressed  air 

supply  for  the  CHx  monitor;  then,  slowly  open  V4  and  adjust  airflow 

through  the  detector  to  1  I  iter /minute. 

4.  Switch  the  O2  monitor  (Infrared  Industries)  on.  Press  solenoid  switch 

button  on  the  front  panel  to  sample  ambient  air  (bypassing  the  sampling 

system).  In  this  mode,  the  monitor  is  reading  the  O2  percentage  in  room 
air.  After  warmup  1(5-10  min.)  the  digital  meter  reading  should  stabilize 
at  20.9  to  21.0%.  See  instruction  manual  if  O2  reading  needs  adjustment. 

5.  Switch  on  the  main  power  (front  panel)  to  the  NO/NOx  monitor,  and  in 

sequence,  the  vacuum  pump,  sampling  system  pump,  sampling  system  heater, 
and  the  temperature  controller  (catalyst  oven)  on  the  front  panel. 

6.  While  catalyst  oven  temperature  is  stabilizing  (as  indicated  by  controller 
indicating  light  cycling  on  and  off  at  650°C  set  point),  check  photocell 
for  zero  and  full  scale  meter  readings.  Adjust  dark  current  to  zero  as 
outlined  in  instruction  manual. 

7.  Disconnect  NO/NOx  monitor  sampling  line  from  the  CHAS  system  and  connect 

to  a  10  psig  regulated  pressure  cylinder  supply  certified  to  contain 

0.0150%  of  NO  with  nitrogen.  This  calibration  mixture  is  designated  7-S 
in  Table  4. 

8.  Set  the  range  switch  on  the  front  panel  to  250  ppm  and  adjust  the 

calibration  (10  turn)  potentiometer  knob  to  2  or  3.  Then  turn  on  the 

ozone  generator.  The  needle  on  the  meter  should  rise  to  nearly  30%  of 
full  scale.  When  the  reading  stabilizes,  set  the  calibration  pot  to  get  a 
reading  equivalent  to  the  NO  concentration  certified  for  the  7-S  gas 
mixture. 

9.  Reconnect  the  inlet  line  to  the  CHAS  system  after  closing  the  calibration 
cylinder  regulator  valve. 

10.  Turn  3-way  valve  VI3  to  permit  calitfation  gas  flow  from  the  manifold  to 
the  CO,  CO2  and  CHx  monitors. 

11.  Close  V2  and  open  V3  and  V5.  Open  main  cylinder  valve  for  N^  zero  gas 

and  adjust  two  stage  regulator  pressure  to  approximately  10  psig  f'r  until 
a  reading  of  0  liter /min.  flow  is  observed  on  the  CO,  CO2,  and  iHx 
flowmeters.  Fine  adjustments  are  made  using  73  and  75. 

12.  Using  the  zero  control  knobs  set  the  meters  on  the  three  monitors  to  zero. 

13.  Close  valve  77  on  zero  gas  cylinder.  Open  76  on  the  span  gas  mixture  and 
adjust  pressure  regulator  as  outlined  in  Step  11.  Adjust  73  and  75  to 
obtain  1  liter/min.  flow  through  each  monitor. 
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14.  Using  span  gas  mixtures  1-S  and  5-S  set  meter  needle  readings  with  the 
span  or  gain  knobs  to  the  values  corresponding  to  the  certified  gas 
concentrations  based  on  the  individual  instrument  calibration  curves. 
Figures  10  and  11.  The  CHx  monitor  is  set  to  full  scale  at  5X  methane  and 
has  straight  line  response. 

15.  While  span  gas  mixtures  2-S  through  4-S  may  be  useful  for  checking  the 
calibration  curves  for  each  monitor,  they  are  not  needed  for  regular 
operations. 

16.  Close  all  span  gas  cylinder  valves  on  the  manifold. 

17.  Open  pump  valve  V2  slowly  after  the  pump  is  switched  on  and  adjust  flow 
rate  from  CHAS  system  into  the  monitors  to  1  liter  per  minute. 

The  CO,  CO2,  CHx,  O2  and  NO/NOx  monitors  are  now  ready  for  a  test  run. 

HCN  MONITOR  -  The  dynamic  permeation  tube-flow  dilution  technique  developed  by 
O'Keefe  and  Oitman,  Reference  3  and  described  by  Herrington  in  Reference  2  was 
employed  to  prepare  the  calibration  curve  for  this  monitor.  The  calibration 
curve  is  shown  in  Figure  13. 

The  following  procedure  must  be  followed  to  prepare  the  HCN  monitor  for  opera¬ 
tion  and  calibration: 

1.  Preparation  of  Electrolyte 

a.  Add:  6  g  KOH 

20  g  Na2S04 

10  g  Na2S03  to  boiled  (CO2  free)  deionized  water 

D.  Seal  the  bottle  for  storage  or  use  a  stopper  fitted  with  an 

ascarite  guard  tube. 

c.  Never  use  electrolyte  that  is  older  than  3  months. 

2.  Set  up  the  HCN  analyzer 

a.  Turn  the  gas  pump  &  electrolyte  pump  on.  The  digital  voltmeter  in 
front  of  the  analyzer  should  show  a  reading  close  to  zero. 

3.  Set  up  the  permeation  device  (Analytical  Instrument  Development  Inc. 
Calibration  System  Model  309,  or  equivalent). 

a.  Connect  the  air  inlet  at  the  back  of  device  to  a  pressure  regulated 
flow  of  pure  air,  and  connect  the  output  line  to  the  HCN  monitor. 

b.  Adjust  the  pressure  gage  to  approximately  40  psi. 

c.  Adjust  the  chamber  flow  to  1  liter/min  (use  a  flow  bubbler);  the 
reading  on  the  scale  should  be  close  to  5.1.  (AID  Instrument,  only). 

d.  Set  the  temperature  on  the  oven  in  accordance  with  the  following 
table,  and  insert  the  permeation  tubes  into  the  AID  permeation 
chamber  as  required  (singly  or  in  multiples)  depending  upon  HCN 
concentration  required  for  each  calibration  poii  . 

CAUTION:  This  operation  must  be  done  in  a  well  ventilated 

chemical  fume  hood.  Use  plastic  gloves  or  forceps  to 
handle  the  permeation  tubes. 
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4. 


Calculation: 


The  permeation  rates  for  the  HCN  permeation  tubes  are  as 


30“C 

50°C 

#1705 

2487  ng/min 

8112  ng/min 

#1706 

2528  ng/min 

8112  ng/min 

#1707 

2570  ng/min 

8209  ng/min 

Equation  Used: 

C  =  R  X  K 

-~r~ 

C:  Concentration  in  ppm 

R:  Permeation  Rate,  ng/min 

F:  Flow  Rate  cc/min 

K:  Constant 

K  =  0.0821  X  T 

P  X  MW 

T  =  Temp  in  °K 
P  =  Pressure  in  Atmospheres 
MW  =  Molecular  Weight 

Calculate  R 

Assume  Permeation  Rate  is  Linear  response  to  temperature 


For  Tube  #1705 
For  Tube  #1706 
For  Tube  #1707 


R  =  2487  +  281.25  (X-30)  NOTE: 
R  »  2528  +  279.20  (X-30) 

R  =2570  +  281.95  {X-30) 


fol lows: 


These  values 
differ  and  are 
unique  for  each 
new  set  of  tubes 
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X  =  Temp  in  °C 


Calculate  K 

K  =  0.0821  X  T  (OK) 

1  x  27. ■026“ 

K  =  3.0378  X  10’^  X  T  (°K) 

5.  Connect  HCN  monitor  output  to  a  standard  high  impedance  input  strip  chart 
recorder  set  to  0-100  mv  range. 

6.  Obtain  10-12  calibration  readings  on  the  chart  recorder  relating 
permeation  tube  (calculated)  HCN  concentration  per  step  4  to  the 
recorded,  stable  mv  reading.  This  is  achieved  using  a  combination  of 
permeation  tubes  placed  in  the  AID  unit,  by  changing  the  oven 
temperature,  and  the  airflow  dilution  rates.  Table  5  shows  a 
representative  set  of  5  calibration  points  determined  using  this 
procedure. 


TABLE  5 

HCN  CALIBRATION  DATA 
(example) 


DATA  PT. 
NO. 

PERM  TUBES 
USED 

TEMP. 

OC 

AIRFLOW 

CC/MIN 

RECORDER 

MV 

HCN 

PPM 

#1705 

1 

#1706 

#1707 

50.2 

1000 

78.1 

24.16 

2 

Same 

40.7 

Same 

53.5 

15.82 

3 

Same 

36.7 

Same 

42.5 

12.45 

4 

Same 

33.1 

Same 

33.3 

9.48 

5 

Same 

30.1 

Same 

26.9 

7.38 

6,  etc. 

(Use  same  methodology  as  above) 

7.  Plot  the  HCN  ppm  values  calculated  from  the  formulas  and  input  test 
parameters  (shown  in  Steps  4-6)  against  mv  output  from  the  HCN  monitor 
detector  cell. 
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8.  Curve  fit  the  above  plotted  data  using  a  3rd  order  polynomial  curve  fit 
routine.  The  coefficients  of  this  equation  are  used  in  the  HP -ADAS  pro¬ 
gram  to  process  the  data  recorded  during  a  burn  test  (Figure  13). 

The  HCN  monitor  operational  characteristics  have  been  discussed  in  detail  In 
Reference  2.  The  detector  in  this  instrument  is  relatively  free  of  Inter¬ 
ferences  from  other  gases  commonly  found  in  combustion  products.  As  reported 
by  Dow,  Table  6  gives  the  response  of  this  detector  to  a  number  of  gases. 
Spot  checks,  conducted  by  injecting  quantities  of  diluted  pure  gases  (CH4, 
C3H8,  H2S,  NO2.  HC1,  etc.)  essentially  substantiate  these  results. 

GAS  BATCH  SAMPLING  -  Real-time,  specific  response,  monitoring  instruments  for 
many  combustion  gases  were  not  commercially  available  nor  desired.  Complexity 
of  CHAS  was  reduced  by  adding  batch  sampling  capability  for  gases  not  gen¬ 
erally  present.  Methods  for  laboratory  chemical  analysis  of  these  gases  were 
selected  from  the  scientific  literature  and  modified  as  needed.  Table  7  gives 
this  list. 

CHAS/SAFS  TEST  PROCEDURE 


Procedures  for  operation  of  the  HRR  calorimeter  and  preparation  and  in¬ 
troduction  of  the  sample  Into  the  inner  chamber  were  in  accordance  with  the 
proposed  ASTM  test  procedure  (Reference  1)  except  as  shown  in  Table  8.  Modi¬ 
fications  to  the  calorimeter  have  required  additional  steps. 

PRETEST  ADJUSTMENTS  -  The  procedural  steps  for  running  the  CHAS/SATS  are  as 
follows: 

1.  Turn  on  and  adjust  the  main  air  supply  regulator  for  the  HRR  chamber  to 
the  selected  airflow  rate  (60  ft^/min). 

2.  Turn  on  electrical  power  to  the  HRR  G1obar*^radiant  panel  and  adjust 
power  Input  to  selected  radiant  heat  flux  level  (2.5,  3.5,  or  5  W/cm^) 
as  measured  by  a  standardized  calorimeter.  Ignite  the  Internal  chamber 
pilot  light(s). 

3.  Open  the  air  supply  valve  and  adjust  the  auxiliary  airflow  to  the  CHx 
monitor,  adjusting  the  flowrate  to  1  liter/roin,  before  switching  on  the 
power. 

4.  Switch  on  the  electrical  power  to  the  other  continuous  gas  monitors  (CO, 
CO2,  O2,  HCN  and  NO/NOx),  MLT  unit,  and  the  smoke  photometer. 

5.  Allow  1-1.5  hours  for  warmup  time.  All  gas  monitors  should  equilibrate 
and  readout  very  nearly  to  the  same  baseline  readings  as  noted  at  the  end 
of  the  previous  day.  Barometric  pressure  changes  from  day  to  day  will 
cause  slight  deviations. 

6.  Cut  samples  to  size  (6  x  6  or  10  x  10  inches)  selecting  the  size  on  the 
basis  of  the  expected  heat,  smoke,  and  gas  release  rates,  and  mount  in 
sample  holder. 
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TABLE  6 


RESPONSE  OF  AMPEROMETRIC  HCN  ANALYZER  TO  VARIOUS  GASES 
(Ref.:  D.  Herrington,  Dow  Chemical  Co.) 


Gas 

Concentration 

Response 
(Equivalent 
ppm  HCN) 

wm 

acetone 

5* 

0 

immediate 

acetylene 

]% 

4ppm 

immediate 

ethylene 

m% 

0 

immediate 

me  thane 

5X 

0 

immediate 

butane 

5% 

0 

inmediate 

methyl  acetylene 

2% 

0 

immediate 

carbon  monoxide 

15X 

0 

immediate 

carbon  dioxide 

15X 

0 

immediate 

carbon  tetrachloride 

5* 

0 

immediate 

cnlorine 

lOOppm 

-lOppm 

immediate 

ch lori ne 

200ppm 

-20ppm 

for  short 
exposure, 
longer  for 
long  expo¬ 
sure 

sulfur  dioxide 

lOOOppm 

0 

1  minute 

sulfur  dioxide 

5-1  OX 

-lOppm 

several 

minutes 

hydrogen  sulfide 

lOppm 

lOppm 

immediate 

hydrogen  chloride 

2X 

0 

immediate 

ammonia 

IX 

Ippm 

2-3  minutes 

hydrogen 

lOOX 

0 

immediate 

oxygen 

20X 

0 

operates  in 
air 

cigarette  smoke 
(Pall  Mall) 

heavy 

5ppm 

immediate 

TABLE  8 

MODIFICATIONS  OF  ASTM  PROPOSED  STANDARD 
USED  IN  CHI  PROGRAM 


PARAMETER 


Airflow 

84  ft^/min 

60  ft^/min 

Radiant  Panel 

Globars 

Same 

Pilot  Light 

Natural  Gas 

Same 

Smoke 

0-100*  T/F.S. 

0-0.4  O.D./F.S. 

Sample  Size 

Vert  6'‘x6" 

Horiz  4-3/8"x6“ 

Vert  6"x6"  &  10"  x  10" 
Horiz  Same 

Mounting 

Light/ low  Cp/boat 
one  surface  only 

Similar/optional 

2  surfaces 

Radiometer 

2  types 

1  only 

Conditioning 

23OC/50*RH 

optional 

Thermopi le 

compensated 

no 

O2  Consumption 

no 

substitute,  for  OTP 

Sample  position 

Front  surface,  4" 
from  rad.  panel 

same 

Calibration 

DTP/nat.  gas 

same/02  consumption. 

Calculations 

Heat 

HRR/m2 

same  or  by 

O2  consumption 

Smoke 

S.M.0.K.E/m2 

same 
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CAUTION: 


Very  high  heat  release  materials  will  swamp  the  gas  monitors,  and 
flames  will  completely  fill  the  burn  chamber.  This  has  been  found 
to  heat  the  radiant  panel  Globars  to  such  an  extent  that  main  power 
IS  lost  because  breaker  switches  are  activated.  Smaller  samples  of 
such  materials  must  be  prepared  to  obtain  CHAS  data. 

7.  Turn  strip  chart  recorder  on  and  monitor  baseline  readings  from  the  DTP. 
Recorded  (equilibrated)  DTP  HRR  baseline  should  not  vary  over  a  period  of 
5  minutes  by  more  than  +  0.02  millivolts. 

8.  Fill  10-50  cc  "batch"  sample  syringes  with  5  cc  of  0.1  normal  sodium 
hydroxide  (NaOH)  solution  (reagent  grade,  chloride  and  flouride  free). 
These  syringes  fitted  with  large  bore  needles,  must  be  Tabled  to  indicate 
to  the  operator  the  time  at  which  a  45  cc  combustion  gas  sample  is  to  be 
withdrawn  through  the  silicone  rubber  septum  installed  on  a  "T"  fitting 
on  the  gas  sampl ing  probe  line. 

NOTE:  The  time  intervals  are  optional  in  this  program,  either  30- 
sec  or  60- second  intervals  were  employed  depending  on  the  rate  of 
burning  of  the  test  specimen.  These  samples  are  assayed  for  HCl  and 
HF. 

Fill  10-50  cc  syringes  with  5  cc  of  0.05%  MBTH  (3-methyl -2-benzothi azol ine 
hydrazone  hydrochloride  reagent  dissolved  in  distilled  water)  and  fit 
each  syringe  with  large  bore  needles.  These  syringes  must  be  labeled  to 
alert  the  operator  to  take  a  sample  at  the  gas  line  septum  at  30-second 
intervals  alternately  with  the  syringe  samples  taken  in  step  8.  These 
samples  are  assayed  for  total  aldehyde  content  (as  formaldehyde)  after 
the  CHAS/SATS  test  is  complete. 

Concurrently  with  the  above  pretest  preparations,  the  SATS  exposure 
chamber  is  cleaned  and  the  cage  rotation  motor  drives  checked  for 
operation  and  synchronized  to  6  rpm.  The  Ti  sensor  and  SATS  chamber 
temperature  recording  instrumentation  is  checked  out  for  proper  operation. 

11.  Set  the  zero  and  output  (gain  controls)  on  each  continuous  gas  monitor 
using  calibrating  gas  mixtures  (see  Table  4)  to  span  the  instrument 
reading  to  the  known  calibrated  value. 

12.  The  ADAS  (HP  3052  with  9885M  floppy  disc  memory  and  9825A  controller)  is 
initialized  (Figure  14)  and  the  data  channels  checked  out  to  determine 
that  instruments  are  operational.  The  smoke  photometer  is  calibrated  at 
this  time  by  adjusting  its  output  using  standard  neutral  density  filters 
to  set  the  span  in  millivolts  corresponding  to  its  calibration  curve. 
Press  SF  key  No.  9.  This  calls  up  the  accurate  airflow  orifice  equation 
program.  Press  "Run"  and  input  all  the  requested  data  as  shown  in  the 
airflow  program.  Figure  15.  After  the  airflow  rates  have  been  adjusted 
accurately  Ito  the  selected  values  (e.g.,  56.17  ft^/min  through  the  HRR 
chamber  and  3.83  ft^/min  through  the  hold  chamber  of  MLT),  press  SF  key 
No.  7. 
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NOTE:  The  CO,  CO2,  and  CHx  monitors  are  zero  set  using  pure 

nitrogen.  Span  is  set  using  an  appropriate  certified  analyzed 
compressed  gas  cylinder  mixture.  A  special  gas  mixture  is  used  for 
the  NO/NOx  monitor,  and  the  HCN  monitor  is  separately  calibrated. 

RUNNING  A  MATERIAL 

13.  Initialize  the  ADAS,  data  acquisition  program  (SF  Key  7,  "DATAA", 
Figure  16)  entering  the  following: 


(a) 

Run  No. 

(h) 

Airflow  Rate,  CFM 

(b) 

Sample  Name 

(i) 

Inlet  Air  Temp,  °C 

(c) 

Date 

(j) 

Sample  Area,  in^ 

Heat  Flux,  W/cm^ 

(d) 

Floppy  Disk  No. 

(k) 

(e) 

Disk  Run  No. 

(1) 

Sample  Ut.,  Grams 

(f) 

Length  of  Test,  Minutes 

(m) 

MLT  Sensitivity  Factor 
mv/lOOg 

14.  Load  a  test  animal  (rat,  Sprague  Dawley  derived,  or  other  strain)  into 
the  SATS  chamber  and  replace  the  top  cover.  Turn  on  the  ventilation  pump 
and  isolation  valve  between  the  SATS  and  the  CHAS  combustion  products 
sampling  line,  adjusting  flow  to  14  liters/min. 

15.  Check  SATS  cage  rotation  and  sensor  recording  system  for  correct 
operation. 

16.  Start  the  strip  chart  recorders  on  CHAS  and  continue  ADAS  program. 

17.  ChecK  ADAS  baseline  data  printed  out  on  the  9852A  tape.  Make  last 
adjustments  to  smoke  photometer  span  calibration  points  (millivolts). 

18.  Check  O2  monitor  to  assure  that  it  has  been  switched  over  from  sampling 
ambient  air  to  tne  CHAS  combustion  products  sampling  mode. 

19.  Zero  the  digital  electronic  timer  visible  from  the  storage  rack  location 
near  "batch”  sampling  syringes. 

20.  Place  the  two  racks  (containing  10  syringes  in  each)  at  the  position 
provided  near  the  CHAS  gas  sampling  line  septum. 

21.  Load  sample/holder/injection  mechanism  assembly  into  the  HRR  hold 
chamber,  clamp  the  seal  door  in  place  with  radiation  doors  still  closed. 
Immediately  turn  the  hold  chamber  air  cooling  valve  to  divert  this 
airflow  (3.83  ft^/min)  through  the  MLT. 

22.  Observe  the  TP  recorder  trace  to  determine  when  the  HRR  chamber  has 
recovered  its  baseline  (usually  1  to  1.5  minutes). 

23.  After  the  baseline  strip  chart  recorder  shows  recovery  of  analog 
baseline,  continue  the  data  acquisition  with  the  ADAS  to  record  all 
baselines  into  computer  9885M  disk  memory  (25  times  once  per  second  over 
10  channels) . 
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14.  PRELIMINARY  SETUP 
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FIGURE  16.  CHAS  DATA  ACQUISITION  COMPUTER  PROGRAM 


J 


40 


24.  When  the  baseline  scans  are  completed,  open  the  radiation  doors  immedi¬ 
ately  and  inject  the  sample  into  the  inner  burn  chamber,  closing  the 
radiation  doors  at  the  same  time  to  protect  the  MLT  unit  from  radiant 
heat. 

I,  25.  Immediately  upon  completing  step  24,  start  the  data  acquisition  mode  on 

the  ADAS  controller.  This  is  time  zero  for  the  burn  test.  Start  the 
digital  electronic  time  at  the  same  moment. 

26.  Change  position  within  15  seconds  to  take  the  "batch"  syringe  gas 
samples.  Take  45  cc  gas  volumes  in  5-10  seconds  for  the  HCl/HF  samples 
alternately  witn  those  for  aldenydes  in  accordance  with  the  preselected 
time  intervals  printed  on  the  syringe  labels. 

27.  Observe  the  CO  monitor  output  meter  during  the  test  run.  Record  the  time 
at  which  the  CO  concentration  reaches  a  maximum  and  simultaneously  turn 
off  the  air  circulation  pump  on  the  SATS  and  close  the  sample  line  isola¬ 
tion  valve.  Continue  recording  the  animal  response  for  15  minutes  or 
until  a  Td  occurs.  If  a  second  burn  episode  occurs  in  which  the  CO 
concentration  increases  again,  turn  on  the  pump  and  isolation  valve  to 
establish  flow  through  the  chamber.  Record  elapsed  time  for  the  second 
exposure  period  (valve  open  to  valve  off). 

28.  Continue  the  SATS  test  for  an  additional  5-10  minutes  (20  minute  total). 
If  no  results  are  obtained,  remove  the  test  animal  and  clean  the  SATS 
chamber  for  use  in  the  next  test. 

29.  After  the  burn  test  is  completed,  remove  the  sample/hold/injection 
mechanism  from  the  HRR,  vacuum  clean  the  ashes,  spalling  off  the  burned 
specimen,  from  the  hold  chamber  and  the  bottom  of  the  inner  HRR  chamber. 

CAUTION; 

Take  care  to  avoid  contact  with  the  hot  Globars  when  vacuuming  ashes 
from  the  chamber.  The  tube  should  be  thermally  and  electrically 
insulated  to  avoid  shorting  the  Globars  or  melting  the  vacuum  hose. 

30.  Turn  off  the  CHAS  gas  sampling  train  pump,  the  HCN  monitor,  and  switch 
over  the  O2  monitor  to  sample  ambient  air. 

31.  Replace  the  membrane  type  smoke  filter  protecting  the  pump  used  to 
ventilate  the  SATS  and  the  filters  (membrane  and  ascarite/drierite)  used 
to  filter  the  product  stream  monitored  by  the  O2  meter. 

(NOTE:  Only  the  drying  agent  is  required  if  the  data  reduction 

program  normalizes  the  instantaneous  O2  concentration  by 
using  the  concentrations  of  the  other  gases  for  correction). 

Repeat  runs  were  conducted  on  tht  3HI  program  materials  following  this  31 -step 
procedure.  With  all  systems  functioning  properly,  3  to  4  test  specimens  were 
run  per  day.  This  does  not  include  all  of  the  data  processing  time,  which 
requires  one  hour  per  test,  nor  the  "batch"  sample  gas  analyses  which  were 
done  after  a  number  of  runs  were  completed. 
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DATA  PROCESSING 


The  special  function  key  overlay  is  placed  over  the  special  function  key 
section  of  the  9825A  controller.  The  special  function  keys,  each  dedicated  to 
a  CHAS  data  acquisition  program  or  operational  channel,  are  identified  as 
shown  in  Table  9. 

Ten  data  channels,  as  identified  on  Figure  2  provide  analog  data  from  CHAS 
tests  for  storage  on  a  floppy  disc  (or  on  cassette)  in  the  HP3052A  Data 
Acquisition  System.  Each  disc  has  storage  space  for  all  programs  and  data 
from  10  ten-minute  CHAS  tests. 

It  must  be  emphasized  that  the  input  variables  consisting  of  the  individual 
gas  monitor  calibration  curve  polynomial  equation  coefficients  and  other 
similar  data  are  unique  to  the  DAC  system  and  instrumentation.  The  program 
listings  below  will  have  to  be  modified  where  the  listing  steps  show  a 
This  indicates  the  need  for  user  instrument  calibration  (or  other)  data  inputs 
before  the  program  can  become  operational.  Instructions  for  an  initial 
HP3052A  start  up  are  given  in  Appendix  A  and  are  as  shown  in  Figure  14. 

FINAL  PREPARATIONS  FOR  CHAS  TESTS 


With  all  systems  "GO"  press  SF  key  No.  9.  This  calls  up  the  accurate  airflow 
orifice  equation  program.  Press  "Run"  and  input  all  the  requested  data  as 
shown  in  the  airflow  program,  Figure  15.  After  the  airflow  rates  have  been 
adjusted  accurately  to  the  selected  values  (e.g.,  56.33  ft^/min  through  the 
HRR  chamber  and  3.67  ft^/min  through  the  hold  chamber  or  MLT),  press  SF  key 
No.  7.  This  calls  up  the  10-channel  data  acquisition  program.  The  procedure 
followed  in  this  program  is  shown  in  the  flow  diagram  Figure  16.  At  the 
conclusion  of  the  10-minute  (or  longer)  test  run,  the  data  held  in  disc  memory 
storage  during  the  run  is  unpacked  and  rerecorded  in  separate  files  for  each 
parameter.  The  individual  parameter  release  rate  curves  may  be  processed  and 
plotted  optionally  by  selection  of  any  of  the  programs  called  up  by  the  SF 

keys,  as  listed  in  Table  9  and  the  flow  diagram  in  Figure  16.  The  program 
listing  is  shown  in  Appendix  A. 

DATA  TRANSFER  TO  IBM  370  The  Fire  Analysis  Computer  Program  (FACP)  that 

predicts  cabin  environment  from  CHAS  data  is  a  fairly  complex  semiempirical 
model  written  in  FORTRAN  for  an  IBM  370.  The  HP  and  IBM  do  not  have  a  common 
language  so  it  was  necessary  to  use  a  Dylon  formatter  to  transfer  the  HP 

digital  data  to  an  IBM  370  tape  (SF  8).  Batch  gas  concentrations  sampled 
every  30  seconds  had  an  additional  data  point  interpolated  between  each  pair 
of  experimental  points  using  a  conventional  straight  line  computer  program  and 
were  also  transferred  to  the  IBM  370  tape.  Only  the  material  combustion  heat 
flux  (not  the  Globar  output)  was  input  to  the  FORTRAN  program. 

7e  specimens  of  Panels  2,  3  and  4  were  run  at  each  heat  flux  but  only  one 
set  of  data  was  needed  at  each  heat  flux.  One  set  of  specimens  at  each  heat 
flux  was  run  without  animals  or  syringe  sampling  since  the  syringe  samples 
caused  spikes  in  the  O2  concentration  curve.  Specimen  heat  flux  was 
calculated  from  this  data  set  using  the  NBS  0^  depletion  Method.  Rather 

than  attempting  to  obtain  average  run  data  for  three  runs  as  input  to  the  IBM 
370  tape,  the  data  was  plotted  and  the  single  most  representative  run 
selected.  In  some  cases  the  heat  flux,  smoke  and  gas  data  were  not  from  the 
same  run. 
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TABLE  9 

special  function  key  identification 


SF  KEY  CODE 

DATA  REDUCTION  PROGRAM 

fO:/l 

YES 

!  fl:get  "START" 

Initiates  SF  key  selection 

[  f2;get  "HRRO^" 

O2  Consumption  heat  release 

®  f3:get  "SMOKE" 

Smoke  release  rate 

1  f4:get  "HEAT" 

Heat  release  by  differential  thermopile 

'  f5;get  "TEMP" 

Sample  surface  temperature 

f6:/ 

NO 

f7:get  "DATAA" 

CHAS  Data  acquisition 

f8:get  "DATRR" 

Data  unpacking  and  transfer  1 

j  f9:get  "HgADJ 

HRR  airflow  adjustment 

flO:get  "NO"  ‘ 

NO  and  NO^  release  rate 

fll:get  "FIRE" 

Combustion  Gas  Volume  Corrections  to  f2  ' 

i  fl2;get"C02" 

CO2  release  rate 

fl3;get  "CO" 

CO  release  rate  1 

1  fl4;get  "O2 

O2  release  rate  (depletion)  j 

j  fl5:get  "HCN" 

HCN  release  rate 

fl6:get  "HC" 

Combustible  gas  release  rate 

fl7:get  "MASS" 

[  Mass  Loss  and  mass  loss  rate  j 

:  fl8:get  "CFlA" 

Point  connector  program  for  batch  sampled  gases 

fl9:get  "HCL" 

HCL  release  rate 

f20:get  "HF" 

HF  release  rate 

f21:get  "ALD" 

j  Aliphatic  aldehyde  release  rates 

I 


III.  HAZARD  LIMIT  CONCEPT 


TOXIC  GAS  HAZARD  LIMITS 

The  term  "toxicity"  has  been  used  frequently  during  discussions  on  fire  gases. 
Many  times  it  has  been  used  interchangeably  with  quantitative  units  of 
measurement  of  fire  gases.  Quantitative  units  of  measurements,  per  se,  have 
nothing  to  do  with  denoting  toxicity.  The  definition  of  toxicity  (Reference 
13)  is  "the  quality  of  being  poisonous  and  is  expressed  by  a  fraction 
indicating  the  ratio  between  the  smallest  amount  that  will  cause  an  animal's 
death  and  the  weight  of  that  animal."  This  requires  definition  of  the  term 
"poison"  (Reference  13)  which,  according  to  Dorland  is  "any  substance  which, 
when  in-  gested,  inhaled  or  absorbed,  or  when  applied  to,  injected  into,  or 
developed  within  the  body,  in  relatively  small  amounts,  by  its  chemical  action 
may  cause  damage  to  structure  or  disturbance  of  function."  From  these 
definitions,  then,  one  can  conclude  that  the  agent  in  question  must  be  related 
to  a  living  biological  specimen,  and  that  a  quantitative  unit  of  measurement 
without  this  relationship  cannot  alone  indicate  the  degree  of  toxicity. 

This  leads  to  the  evaluation  of  standard  toxicological  terms  used  to  describe 
toxicity.  These  are  LD5n  and  LCcq  which  indicate  the  dose  or  con¬ 
centration  required  to  kill  50X  of  the  experimental  animals.  This  criterion 
of  LC50  is  untenable  when  it  is  applied  to  human  survival  and  escape  from 
the  fire  situation  wherever  it  might  be.  Some  years  ago,  a  new  term,  the  Time 
of  Useful  Function  (TUF)  was  suggested  by  Gaume  (Reference  14)  as  a  more  ap¬ 
propriate  term  to  indicate  the  time  available  for  a  person  to  escape  the  fire 
environment  before  incapacitation  by  fire  gases,  after  which  it  would  not  be 
possible  to  do  so  without  help.  The  TUF  may  be  considered  as  an  analogue  of 
the  universally  accepted  (TUC)  Time  of  Useful  Consciousness  applicable  to 
flight  crews  upon  aircraft  cabin  decompression. 

By  definition,  then,  the  toxicities  of  various  fire  gases  can  be  determined, 
for  human  purposes,  only  by  collecting  data  on  exposed  animals  or  humans,  the 
latter  being  generally  unacceptable  subjects  for  these  kinds  of  hazardous  ex¬ 
periments.  Therefore,  animal  subjects  are  the  only  alternative  for  building  a 
data  bank  of  biological  effects  from  which  scale  factors  can  be  developed  via 
further  experimentation  and  mathematical  modelling.  For  purposes  of  the  data 
bank  related  to  fire  safety,  escape  and  survival,  the  collection  of  physi¬ 
ological  data  should  be  oriented  toward  the  TUF  or  the  Ti  rather  than  to  the 
LC50  concept.  It  would  seem  that  the  definition  of  poison  fits  the  TUF  con¬ 
cept  more  appropriately  than  that  of  toxicity. 

The  TUF/Ti  will  be  variable  under  different  circumstances  and  will  depend  on  a 
variety  of  factors.  Among  these  are  the  materials  that  are  burning,  their  ig¬ 
nition  temperatures,  heat  flux,  fire  temperatures,  oxygen  supply,  ventilation 
and  air  currents,  retardant  treatment,  the  gases  evolved,  their  generation 
rates,  and  others.  These  variables,  combined  with  the  many  physiological  var¬ 
iables  present  in  the  escapee's  body,  and  the  many  types  of  gases  evolving 
(asphyxiant,  irritant,  anaesthetic,  narcotic,  systemic  poisons),  present  a 
very  complex  problem  which  is  in  urgent  need  of  simplification.  A  standard 
test  based  on  the  TUF  concept  may  well  provide  a  simple,  inexpensive  means  of 
determining  the  relative  toxicities  of  materials,  enhancing  their  selection, 
and  therefore,  fire  safety.  The  TUF  method  provides  a  rapid,  simple  and 
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perhaps  the  only  means  of  integrating  all  these  complex  variables  without  the 
requirement  to  investigate  each  one  individually,  at  high  cost  in  time  and 
money.  Once  materials  have  been  rated  by  such  a  test,  the  synergistic  or 
antagonistic  effects  of  each  combination  or  concentrations  of  gases,  and  other 
single  variables,  can  be  investigated  more  leisurely  on  the  basis  or  pre¬ 
determined  priorities.  Our  understanding  of  synergism  and  antagoni^  may 
undergo  some  change  as  a  result  of  investigation  of  controlled  gas  mixtures 
(Reference  13). 

In  the  initial  CHI  development  effort,  the  FAA  desired  that  we  take  a  simple 
approach,  i  .e.  to  consider  the  multiple  gases  evolved  as  having  an  additive 
effect,  which  is  the  conventional  toxicological  approach  to  that  condition. 
Some  of  the  more  recent  data,  however,  indicates  that,  in  mixtures  of  gases, 
this  is  not  always  the  case.  In  certain  cases,  one  or  more  gases  may  inhibit 
the  effect  of  others  (References  14  and  15).  This  phenomenon  has  not  yet  been 
studied  sufficiently  to  understand  fully  the  mechanisms  involved.  Therefore, 
because  of  the  complexity  of  the  problem,  the  simple  approach  of  additive 
effect  was  taken.  In  the  complex  context,  other  factors  such  as  synergism  and 
antagonism  come  into  play,  and  the  standard  definitions  of  these  two  terms  may 
not  apply,  and  may  have  to  be  redefined.  The  inhibitory  effect  of  one  gas  for 
another  may  be  due  to  the  fact  that  the  high  concentrations  found  in  the  fire 
situation  may  develop  so  rapidly  that  the  expected  responsive  metabolic 
changes  do  not  have  time  to  occur  before  the  organism  succumbs;  or  the  effect 
could  be  due  to  a  dilution  factor,  alone  or  in  combination  with  another 
factor.  Delving  into  these  complexities  constitutes  a  fertile  area  for  future 
research,  which  should  already  have  begun. 

APPROACH  -  There  is  a  dearth  of  short-time  (5  minute)  exposure  data  available 
in  the  literature  for  use  in  the  computer  program.  Therefore,  Douglas  was  re¬ 
quired  to  develop  this  kind  of  data  from  the  best  information  available.  The 
approach  used  is  described  in  the  following  paragraphs. 

To  determine  a  5-minute  limit  for  CO,  by  starting  with  the  Threshold  Limit 
Value  (TVL)  of  50  ppm  for  an  8-hour  work-day  exposure  and  doubling  the 
concentration  as  the  time  is  halved,  the  result  is  approximately  4800  ppm  of 
CO  as  a  5-minute  limit.  Figure  17  illustrates  this  method.  This  5-minute 
limit  provides  the  concentration  needed  to  develop  the  escape  time  curve.  Ap¬ 
plicability  of  this  method  to  other  gases  was  studied,  because  it  was  limited 
to  estimating  the  5-minute  limit  for  CO.  This  method  can  be  named  the 
"reverse  extrapolation"  method,  and  results  in  a  hyperbolic  curve. 

Studies  were  made  to  determine  whether  the  reverse  extrapolation  method  from 
the  TLV  to  a  5-minute  limit  was  feasible  for  gases  other  than  CO.  The  results 
appear  to  be  encouraging.  A  generalized  form  of  the  equation  was  derived  from 
available  TLV  data  to  estimate  hazard  limits  in  the  absence  of  short  term 
data.  Toxic  hazard  limits  in  industrial  toxicology  are  sometimes  expressed  as 
total  integrated  doses  (TID),  or  ppm  -  minutes,  as  a  constant  for  a  gas.  This 
suggested  that  an  equation  could  be  derived  for  a  gas  which  would  allow  cal¬ 
culation  of  a  hazard  time  limit  as  a  function  of  the  constant  and  the  TLV  con¬ 
centration. 
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FIGURE  17.  FIVE-MINUTE  TLV  EXTRAPOLATION  CURVE  FOR  CO 


^  480  X  TLV  (ppm) 

where  480  =  number  of  minutes  in  an  8  hour  work  day 
TLV  =  Threshold  Limit  Value 
t  =  Time  of  Exposure,  5  minutes 


An  analysis  was  conducted  for  the  human  survival  limits  of  the  toxic  gases 
(15)  involved.  The  above  equation  has  been  utilized  to  determine  initially 
the  estimated  5-minute  hazard  limit,  (HL5),  for  these  gases.  The  literature 


was  then  examined  to  find  the  data  closest  to  a  5-minute  survival  time.  (Very 
seldom  does  the  literature  present  such  specific  data).  Interpolations  were 
made  where  the  data  were  not  sufficiently  specific,  and  the  result  was  com¬ 
pared  with  the  (HLg)  for  each  gas  as  determined  via  the  equation.  In  ten  of 
the  fifteen  cases  the  equation  appeared  to  reflect  an  acceptable  limit.  In 
the  other  five  cases,  reductions  of  the  equation  values  appeared  to  be  neces¬ 
sary,  based  on  the  mechanisms  of  action  of  these  gases,  and  the  judgment  of 
the  analyst.  Table  10  shows  the  results  of  these  analyses. 

Hazard  limit  curves,  as  calculated  for  each  of  15  significantly  toxic  gases 
are  shown  in  Appendix  B  and  were  used  to  calculate  fractional  "effective" 
doses  and  escape  time  (CHI). 

THERMAL  HAZARD  LIMITS 

Two  aspects  of  the  thermal  hazards  were  considered.  The  first  was  the  max¬ 
imum  air  temperature  that  can  be  tolerated  by  the  respiratory  tract;  usually 
considered  to  be  400“F.  The  second  was  the  time-to-incapacitation  resulting 
from  the  effects  of  heat  on  the  body  (considered  as  a  dose). 

An  extropolated  air  temperature  hazard  limit  curve  described  this  hazard,  and 
it's  escape  time  characteristics  were  determined  by  curve  fitting  the  data 
using  a  modified  polynomial  computer  routine.  A  simplified  biothermal  model 
of  a  man  being  exposed  to  high  air  temperatuffci:  has  been  used  to  curve  fit  the 
C.  R.  Crane  air  temperature  limit  data  (Reference  16K  Figure  18  shows  the 
correlation  between  the  curve  fit  equation  and  tne  Ct ane  data  into  the  higher 
air  temperatures  and  lower  human  tolerance  limits  relating  to  the  CHI  program. 

This  simplified  approach  is  based  on  an  analysis  that  determines  the  time 
needed  to  raise  the  internal  (core)  body  temperature  by  5.5®C  (to  108. 5“F) 
when  it  is  exposed  to  a  heat  flux  by  radiation  and  convection  as  well  as  an 
internally  generated  metabolic  heat.  The  convective  heat  gain  or  loss  in¬ 
cludes  the  effect  of  latent  cooling  due  to  the  evaporation  of  perspiration 
from  the  skin.  It  was  assumed,  as  a  simplification,  that  the  rate  of  mass 
loss  by  evaporation  is  a  function  of  the  temperature  differential  between  the 
body  and  the  air  as  in  the  convective  heat  transfer  term.  The  rate  of  mass 
loss  by  evaporation  is  usually  expressed  as  being  proportional  to  the 
difference  between  the  vapor  pressure  of  water  and  that  of  the  surrounding 
air;  but,  vapor  pressure  is  closely  related  to  the  temperature  which  makes  the 
mass  loss  proportional  to  the  temperature  differential. 

The  least  squares  curve  fit  of  the  simplified  biothermal  man-model  determines 
values  for  the  radiation  term  coefficient,  as  well  as  the  combined  convective 
plus  evaporative  cooling  term  coefficient,  when  fitted  to  experimental  data  of 
the  tolerance  limit  versus  air  temperature.  An  exponent  of  the  convective 
heat  transfer  term  is  included  to  account  for  the  variation  of  the  heat  trans¬ 
fer  as  a  function  of  temperature.  The  metabolic  heat  rate  was  determined  by 
successive  trials  until  a  best  fit  of  the  data  was  obtained. 

An  interesting  result  of  the  curve  fit  gave  a  negative  value  for  the  con¬ 
vective  plus  evaporative  term  coefficient.  This  was  interpreted  to  mean  that 
the  data  reflects  a  situation  in  which  the  cooling  effect  of  evaporation  is 
greater  than  the  heat  gain  by  convection,  and  it  was  assumed  to  be  a  logical 
result.  The  radiation  term  is  positive  and  adds  heat  to  the  body. 


TABLE  10 


AIR  TEMPERATURE.  “F 


FIGURE  18.  AIR  TEMPERATURE  HAZARD  LIMIT  CURVE  FIT 


O Table  1  Crane  Data  (Reference  16) 
0Table  2  Crane  Data 


As  stated  before,  the  analysis  is  based  on  a  temperature  rise  of  the  mean  body 
temperature.  The  curve  fit  plot  shown  in  Figure  19  indicates  that  it  requires 
very  high  temperatures  to  raise  the  core  body  temperature  43"F  (5.5®C)  in  less 
than  one  minute.  Another  criterion  that  limits  the  maximum  air  temperature, 
beyond  which  survival  will  not  be  possible,  is  the  temperature  at  which  third 
degree  burns  of  the  skin  occur.  This  limit,  585“K,  (312®C),  or  593. b®F,  was 
determined  from  a  simplified  biothermal  man  model  with  a  least  squares  curve 
fit  equation  shown  below. 

dT  _  hcA  /T_  Tni\  /Ta \N  .  hrF A  /t«4  Tin^\  + 

TT  -  BCp  ^  SCr  -  Tm  )  + 


Where:  Qm 
W 
Cp 

It 

Ti 


=  metabolic  heat  rate,  calories 
*  weight  of  the  man.  Kg 

-  specific  heat,  average  human  body,  (consistent  units) 
=  rate  of  change  of  body  temperature,  "C/min 


-50- 


nc 

A 

Ta,  To 
Tm 
hrF 
N 

dT 

Ti 


=  convective  plus  evaporative  heat  transfer  coefficient, 

(consistent  units) 

2 

=  body  area,  m 

=  air  and  surroundings  temperature,  “C 
=  mean  body  temperature  during  the  temperature  rise,  ‘’K 
=  radiant  heat  transfer  coefficient,  (consistent  units) 

=  exponent  of  heat  temperature  ratio 
=  taken  as  5.5''C 

=  time  to  incapacitation,  minutes 


The  equation  was  solved  for  Ti  and  curve  fitted  to  the  Crane  data.  The 
results  of  the  curve  fit  gave  the  following  values  for  the  parameters: 


ncA/WCp  =  -0.08981  1405 
h-FA/WCp  =  7.42071 

QK/f<^p  -  0.u345 

n  =  1.55 

These  va  ues  appear  to  ce  cjite  reasonable  thermodynamical ly,  and  were  used  in 
the  above  equation  to  plot  tne  curve  shown  in  Figure  19. 

The  results  of  experimental  studies  on  time-temperature  relationships  for  ex¬ 
posed  SKin  thermal  injury  were  reported  in  Reference  17.  These  experiments 
were  performed  with  animal  suojects  (pigs)  to  determine  the  air  temperature 
versus  time  cn  the  exposed  skin  of  the  subjects.  Data  points  taken  from  the 

report  are  plotted  on  the  extrapolated  air  temperature  hazard  curve  in 

Figure  19.  It  appears  that  third  degree  burns  cross  the  hazard  curve  at 

about  593. S^F  (585'’K).  Tnese  values  have  been  selected  as  the  upper  limit  of 
hazard  above  which  escape  would  become  impossible.  At  this  temperature,  the 
escape  time  would  drop  abruptly  to  zero  for  this  hazard. 

SMOKE  (VISIBILITY)  HAZARD  LIMITS 

A  proposed  escape  time  curve  for  the  effects  of  reduced  visibility  through 
smoke  has  been  selected  and  is  shown  in  Figure  20.  The  rationale  used  in 
deriving  this  curve  involved  an  evaluation  of  how  far  one  can  see  an  il¬ 
luminated  emergency  exit  sign  at  various  smoke  densities  as  determined  by  the 
transmittance  per  foot  of  distance.  The  transmittance  and  smoke  volume  gen¬ 
eration  rates  are  known  for  each  material  from  tests  in  the  CHAS  chamber. 
These  data  are  translated  in  the  CHI  computer  program  to  full  scale  test  con¬ 
ditions  of  smoke  generation  rates  and  transmittance  as  a  function  of  time 

during  the  burn, 

Allard's  Law  (Reference  18)  cilculates  the  illuminance,  foot  candles,  at  the 
observers  eye  from  a  lignt  of  a  given  luminous  intensity  (candles),  at  a 
distance  from  the  observer.  The  equation  expressing  Allard's  Law  is: 
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THERMAL  COLLAPSE  -  SECONDS 


AIR  TEMPERATURE  "F 

FIGURE  19,  COMBINED  AIR  TEMPERATURE  HAZARD  LIMITS 


T 


0 


Where: 

E  is  the  illuminance  at  the  observer's  eye  in  foot  candles 
I  is  the  intensity  of  the  source  light  in  candles  or  candela 
D  is  the  distance  between  the  source  light  and  the  observer 

T  is  the  transmittance  of  the  attenuating  smoky  atmosphere,  or 
transmittance  per  unit  distance 

FAR  Part  25  Paragraph  25.812(a)  specifies  the  intensity  requirements  for  emer¬ 
gency  exit  locator  signs.  They  must  have  a  minimum  background  brightness  of 
25  foot  Lamberts,  and  an  area  of  at  least  21  square  inches.  Converting  the 
units  to  candles: 
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FIGURE  20.  ESCAPE  TIME  VERSUS  LIGHT  TRANSMIHANCE  THROUGH  SMOKE 


25  foot  LamDerts  X  0.3183  =  7.9575  cand1es/ft^ 
and  the  intensity 

I  =  7.9575  candles/ft-^  x  0.1458  ft^ 

I  =  1.1605  candles  (candela) 

A  plot  of  the  -Log  E  of  the  illuminance  at  the  observer's  eye  versus  distance 
0  and  transmittance  per  unit  distance  is  shown  in  Figure  21.  The  intensity  of 
the  light  of  1.1605  candela  was  used  in  plotting  the  curves.  Reference  18 
quotes  a  threshold  illuminance  of  7  x  10”®  foot  candles  that  is  used  to 
assess  the  visibility  of  approach  and  landing  lights  for  a  pilot  landing  an 
aircraft  at  night,  which  is  also  shown  as  a  line  in  Figure  21.  This 
horizontal  line  was  established  in  Figure  21  from  -loq(7  x  10"®)  =  7.155; 
values  above  this  line  have  an  illuminance  which  is  too  low  to  detect  by  eye. 
Values  on  this  line  are  just  detectable,  and  values  below  the  line  are  visible 
with  increasing  illuminance  as  points  are  farther  below  this  line.  The  value 
of  the  illuminance  in  foot  candles  for  points  on  this  figure  can  be  obtained 
by  raising  the  ordinate  values  to  a  power  of  10"^°9 
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ILLUMINANCE,  -LOG  E 


T  =  .1  .2  .3  .4  .5  .6 


FIGURE  21.  ALLARD’S  LAW,  E»  I/D^  *  FOR  1-1.1605  CANDELA 


A  plot  of  transmittance  versus  distance  for  threshold  illuminance,  as 
determined  above,  is  shown  in  Figure  22.  The  plot  shows  that  at  increasing 
values  of  transmittance  one  can  see  farther,  and  that  at  100  feet  one  can  see 
the  emergency  exit  from  one  end  of  a  wide  body  jet  to  the  other  if  tne 
transmittance  is  greater  than  93.1%.  This  T  value  was  used  to  locate  one  point 
at  the  visibility  level  relating  to  an  escape  time  at  300  seconds,  i.e.,  for 
the  full  duration  of  the  5  minute  fire  scenario  of  the  CHI  program. 

Another  point  on  the  escape  time  curve  can  be  located  at  a  time  of  15  seconds 
at  a  transmittance  of  zero  (complete  darkness).  An  experiment  indicated  that 
one  can  feel  their  way  to  the  nearest  exit  in  a  wide  body  jet,  at  a  maximum 
distance  of  34  feet  away.  The  curve  was  assumed  to  be  an  exponential, 
expressed  in  terms  of  transmittance  T  or 

£T  =  a(BT) 
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LUMINANCE 


where,  to  fit  the  two  points. 


A  =  15 
B  =  3.21775 

This  equation  for  the  smoke  hazard  expression  was  used  to  obtain  escape  times 
resulting  from  smoke  as  a  function  of  transmittance  per  unit  distance  in  the 
CHI  calculation.  It  was  not  used  in  an  integrated  dose  sense  as  were  the 
other  hazards  but  will  affect  the  CHI  since  escape  time  will  be  slowed 
depending  on  the  amount  of  smoke  generated  by  the  material. 


SATS  ANIMAL  TESTING 


The  single  rotating  wheel  in  the  Single  Animal  Test  System  (SATS)  plexiglas 
chamber  (Figure  23)  and  the  associated  electrical  contact  bar  provided  two 
biological  endpoints,  Ti  and  Td.  Either  endpoint  could  have  been  used  to 
determine  which  panel  material  evolved  the  most  hazardous  combustion  pro¬ 
ducts.  Ti  was  selected  to  make  the  comparisons  since  Td's  were  not  observed 
as  often  and  the  Ti  represented  a  more  conservative  endpoint  related  to  the 
concept  of  emergency  evacuation  in  a  post  crash  fire  cabin  environment.  The 
SATS  consisted  of  a  low  volume  plexiglas  chamber  having  a  free  volume  of  5.4 
liters.  The  animal  subject  was  placed  in  a  split  wheel  and  prompted  to  walk 
by  rotating  the  wheel.  The  Ti  endpoint  was  quite  reliably  determined  by  the 
changes  in  the  pattern  or  recorded  electrical  signals  transmitted  when  the 
test  subject  contacted  a  plexiglas  bar.  This  bar  was  supported  on  strain  gage 
sensors  at  each  end  and  inserted  approximately  1/8  inch  inside  the  slotted 
space  between  the  split  cage  halves  and  occupied  the  bottom  quadrant  of  the 
cage  as  shown  in  Figure  23.  Incapacitation  was  noted  when  the  animal  lost  the 
ability  to  walk  and  started  to  slide  or  tumble  as  the  wheel  rotated. 


This  unit  was  designed  and  modified  at  OAC  to  permit  parallel  recording  of  the 
breathing  rate  by  a  300X  amplification  of  the  signal.  When  a  Ti  was  observed, 
the  wheel  rotation  was  interrupted  and  with  the  animal  resting  against  the 
sensor  bar,  Td  (time-to-death)  was  determined  based  on  cessation  of  the  re¬ 
corded  breathing  trace.  Combustion  gases  were  pumped  into  the  chamber  through 
a  3/8  inch  teflon  line  and  ball  valve  connected  to  the  gas  sampling  probe  from 
the  HRR  (see  schematic,  Figure  2)  at  a  flow  rate  of  14  liters/min.  The  Teflon 
line  and  ball  valve  were  heated  to  248®F  (120®C)  during  the  run  to  prevent 
condensation  of  combustion  products,  and  provided  minimum  transport  time  to 
the  chamber.  The  test  procedure  was  modified  further  to  assure  a  biological 
endpoint  in  less  than  30  minutes.  Combustion  gas  dilution  was  reduced  by 
adopting  a  test  airflow  rate  of  60  cu  ft/min  through  the  HRR  chamber  and  a  10 
x  10  inch  sample  was  prepared  for  each  run  instead  of  the  conventional  6x6 
inch  sample  (except  for  Panel  3  material). 
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(a)  After  chamber  closure,  the  inlet  ball  valve  was  opened,  the  pump  was 

turned  on  and  the  flow  rate  into  the  animal  chamber  was  set  to 

14  liters/min. 

(b)  Within  2  minutes,  the  sample  was  injected  into  the  HRR  chamber.  Simul¬ 
taneously  an  electronic  timer  was  started  along  with  the  Ti  sensor  unit 
recorder. 

(c)  As  the  test  sample  burned,  the  CHAS  panel  meters  of  the  CO,  CO2  and  HCN 
monitors  were  observed.  When  the  CO  concentration  appeared  to  a  maximize 
reading,  the  pump  taking  combustion  gases  and  smoke  into  the  animal 
chamber  was  turned  off  and  the  ball  valve  closed.  The  shut-off  time  in 
seconds  was  recorded. 

(d)  If  either  the  CO  or  HCN  meter  readings  showed  a  further  increasing 

evolution  of  these  gases,  the  ball  valve  was  reopened;  the  pump  was 

turned  on,  and  time  in  seconds  was  recorded.  The  pump  and  valve  were 
turned  off  and  on  again  if  further  increases  in  CO  or  HCN  were  observed, 
registering  the  elapsed  time  for  each. 

(e)  With  the  combustion  gas  mixture  isolated  in  the  chamber,  the  wheel  ro¬ 
tation  and  Ti/breathing  rate  sensor  recordings  were  continued  for  15  or 
30  minutes.  Ti's  and  Td's  were  recorded  for  either  test  period  option. 

The  observed  Ti  was  normalized  in  terms  of  a  200g  rat  and  the  fractional  ac¬ 
cumulated  dynamic  exposure  time  based  on  15  or  30  minutes  in  accordance  with 
the  following  formula: 


Ti  (normalized) 


Ti(obs.)  X  SF  X  200  x  100 
60  X  900  X  W  X  A 


Where:  Ti 


Td's  were 


(obs.)  =  observed  Ti  in  seconds  from  start  of  test 
W  =  weight  in  grams  of  test  rat 

SF  =  summation  of  exposure  times  to  gas  flow,  seconds 
60  =  60  sec/minute  conversion  factor 
200  =  normal  rat  weight,  grams 

900  =  total  test  time,  seconds 

2 

100  =  standard  area  of  CHAS  sample,  in 

2 

A  =  Area  of  CHAS  sample  actually  burned,  in 
recorded  directly  in  minutes  without  normalizing  calculations. 
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Maximum  temperatures  measured  within  the  animal  test  chamber  did  not  exceed 
97®F  (Se^C)  during  tests  for  all  radiant  flux  levels  normally  selected  to  test 
materials  in  the  CHAS.  This  temperature  level  does  not  exceed  the  temperature 
104'’F  (40®C)  known  to  produce  incapacitation  of  the  rat  in  30  minutes  due  to 
thermal  stress  alone  (Reference  16). 

The  principal  objective  of  the  animal  tests  was  to  correlate  the  Ti  results  in 
the  CHAS/SATS  and  the  CFS,  comparing  the  relative  rankings  of  the  panel 
materials  with  those  predicted  by  the  FACP.  Typical  Ti  test  records  are 
shown  in  Figures  24  and  25. 

In  the  preliminary  development  of  the  SATS,  panel  number  1  was  tested  9  times 
at  4.41  Btu/ft^  sec  radiant  flux  to  develop  a  suitable  test  procedure  and 
protocol  for  use  in  the  program.  The  difficulties  of  obtaining  a  Ti  or  Td 
endpoint  within  the  time  intervals  required  to  completely  consume  the  test 
materials  were  exemplified  by  the  data  shown  in  Table  11. 

From  the  above  tests,  a  flow  rate  of  14  liters/minute  was  finally  selected  as 
the  pumping  rate  from  the  CHAS  chamber  through  the  SATS  to  obtain  a  useable 
endpoint  for  all  further  tests.  An  evaluation  of  SATS  data  is  given  in  the 
Part  1  report. 

CFS  ANIMAL  TESTING 


During  Panel  No.  1  tests,  1  and  3  rat  open  mesh  driven  split  wheel  cages 

employing  sensors  of  the  same  design  as  in  the  SATS  were  used  and  simply 
shielded  from  radiant  energy  by  aluminum  foil.  As  discussed  in  the  CFS  test 
section  of  this  report  thermal  insulation  was  needed.  A  modified,  insulated 
polycarbonate  enclosure  with  forced  ventilation  was  provided  as  shown  in 
Figuro  26 

Each  of  the  six  rats  (in  four  chambers)  had  one  dedicated  channel  on  an 

8-channel  ASTRO  MED  SUPER  8  hot-pen  recorder.  Temperatures  in  the  four 
chambers  were  multiplexed  on  the  seventh  channel  and  recorded  each  three  se¬ 
conds  so  that  each  chamber  temperature  was  recorded  every  12  seconds.  Ti  test 
records  from  the  CFS  tests  were  similar  to  Figures  24  and  25. 

The  procedure  during  a  run  was  to  stop  the  vacuum  pumps  pulling  air  through 
the  chambers  when  maximum  CO  concentration  was  reached  as  was  done  in  the 

laboratory  CHAS/SATS  testing.  This  procedure  was  repeated  to  retain  maximum 
gas  concentration  since  CFS  ventilation  was  continued  until  reentry  could  be 
made  after  the  CFS  had  cooled. 

The  recorder  charts  for  the  Ti  sensors  in  the  various  cages  indicated  that  two 
subjects  escaped  from  their  cages  prior  to  the  start  of  the  test.  Those  at 
the  multiple  cage  testing  location  appeared  to  show  Ti  in  5  minutes.  The 

single  subject  under  this  set  of  cages  (Zone  12)  appeared  to  reach  Ti  at 
approximately  5.5  minutes.  With  the  exception  of  the  two  escapees,  who 
survived  without  any  ill  effects,  all  other  subjects  were  dead  on  opening  the 
chamber  1  hour  after  the  test 
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FIGURE  24.  TYPICAL  CHAS/SATS  Ti  TEST  RECORDING 


FIGURE  25.  TYPICAL  Ti  TEST  PATTERN  SHOWING  T^  AFTER 
AMPLIFICATION  OF  RESPIRATION 


TABLE  1 1 


CHAS/SATS  ri  TESTS  OF  PANEL  1  MATERIAL 


SATS 

FLOW  RATE 
LITER/MIN 

FLOW 

TERMINATED 

SEC 

RAT 

WT 

GRAMS 

Ti 

SEC 

Td 

SEC 

REMARKS 

47 

1 

1800 

350 

- 

- 

No  Results 

48 

1 

1200 

356 

- 

- 

No  Results 

49 

4 

300 

334 

- 

- 

No  Results 

54 

5 

180 

210 

- 

- 

No  Results 

NO  CHAS  DATA 

10 

180 

230 

720 

- 

Td  Elicited  with 

CO 

NO  CHAS  DATA 

14 

216 

239 

972 

- 

Td  Elicited  with 

N2 

72 

14 

192 

234 

990 

1260 

VI  Turned  Off  at 
Maximum  CO 

73 

14 

204 

194 

252 

720 

Same  as  Above 

NO  CHAS  DATA 

14 

180 

259 

750 

1200 

Same  as  Above 

FIGURE  26.  INSULATED  ANIMAL  CHAMBERS  AT  THE  CHI  POINT 

The  Ti  sensor  chart  and  computer  recordings  for  the  subject  exposed  inside  the 
thermally  protected  polycarbonate  box  showed  that  this  subject  did  not  arrive 
at  a  Ti  endpoint  until  after  the  end  of  computer  data  acqusition  at  1304 
seconds.  However,  upon  opening  the  chamber  later  (1  hour)  this  subject  had 
expired. 

Program  development  was  essentially  completed  with  the  scheduled  burn  of  three 
No.  1  Panels  in  the  CFS  at  4.41  Btu/ft^  sec.  This  included  CHAS/SATS  test 
methdology,  its  data  acquisition,  writing  the  data  reduction  programs  and  need 
for  computer  language  translation  in  preparing  data  tapes  for  the  IBM  370 
Fortran  program.  The  peronnel  hazard  limit  curves  were  Hnalized  at  the  best 
knowledge  then  available  and  with  CFS  testing  optimized  and  operational.  The 
Fortran  program  could  not  yet  predict  flows,  to  our  satisfaction,  through  the 
cabin  zones  to  match  CFS  data  and  revising  the  zone  wall  flow  coefficients  was 
continued  through  CFS  tests  on  panels  2  and  3.  The  results  of  tests  on  these 
panels  and  the  demonstration  panel  4  were  discussed  in  detail  in  the  Part  I 
report. 
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IV.  FIRE  ANALYSIS  COMPUTER  PROGRAM 


SELECTION  OF  CABIN  FIRE  MODEL 


The  CHI  program  work  statement  (September  1977)  included  a  task  to  utilize 
currently  available  cabin  fire  modeling  technology.  The  model  was  to  ..."con¬ 
sider  the  effect  of  the  magnitude  and  propagation  rate  of  heat,  temperature, 
smoke,  and  gases  generated  by  a  materials  fire  in  one  cabin  location  on  ad¬ 
jacent  and  distant  cabin  environments  and  materials." 

A  review  of  the  available  literature  on  fire  modeling,  in  particular  for  air¬ 
craft  cabins,  did  not  reveal  any  models  or  computer  programs  that  could  be 
used  (or  easily  modified).  The  specific  materials  fire  model  and  tne  fire  ex¬ 
posure  conditions  imposed  by  the  selected  crash  fire  scenario  prevented  direct 
application  of  existing  model  programs  for  use  in  the  CHI  methodology  develop¬ 
ment. 

Tne  University  of  Dayton  Cabin  Fire  Modeling  Program  (DACFIR)  was  designed  to 
p'-edict  the  propagation  rate  of  flame  from  one  fuel  material  surface  to  ad¬ 
jacent  surfaces  and  the  growth  and  space-time  distribution  of  hazards  in  the 
cabin  environment.  In  the  CHI  program  a  single  material  (composited  panels) 
was  exposed  to  radiant  heat  flux  in  the  pilot  light  mode  in  a  vertical  ori¬ 
entation.  Since  the  radiant  flux  was  approximately  uniform  over  the  area  of 
the  specimen,  flame  involvement  was  nearly  instantaneous.  The  laboratory 
(CHAS)  and  full-scale  heat  exposures  and  test  panel  orientations  for  each 
series  of  tests  were  kept  the  same.  The  panel  area  and  airflow  in  the  two 
test  regimes  were  different. 

Thus,  fire  modeling  research  studies  such  as  the  2  and  3  dimensional  flow 
studies  of  heated  gases  and  smoke  at  the  University  of  Notre  Dame,  fire  plume 
and  ceiling  jet  models  from  wood  crib  sources,  furniture,  liquid  pool  fires, 
etc.  under  development  at  the  NBS  Center  for  Fire  Research,  Factory  Mutual 
Insurance  Company,  Harvard  University  and  others,  were  not  easily  adaptable 
for  use  in  the  CHI  program.  A  cabin  Fire  Analysis  Computer  Program  (FACP;  was 
developed  in  Fortran  IV  language  based  on  heat  and  mass  balance  principles 
used  in  existing  aircraft  cabin  heating  and  air  con-  ditioning  technology. 
The  basic  elements  of  the  fire  dynamics  model  used  to  develop  the  FACP  are 
depicted  in  Figure  27. 

COMPUTER  PROGRAM  DESCRIPTION 


The  CHAS  burn  test  data  for  a  material  were  stored  on  the  HP9825B  computer 
disc  (or  tape)  in  processed  form  after  each  experiment.  Ten  channels  of  data 
consisting  of  600  one-second  data  points  were  recorded  in  blocks  (strings)  for 
each  parameter  measured  by  the  CHAS.  Three  additional  600  data  point  blocks 
were  recorded  from  curves  prepared  from  the  batch  sampling  and  analyses  for 
HF,  HCl,  and  aliphatic  aldehydes  (RCHO).  The  13  blocks  of  processed  data  were 
transferred  via  the  Dylon  Formatter  to  an  IBM  7-inch,  9-track  900  BPI  tape, 
and  input  into  the  IBM  370  FACP  directly  or  recorded  on  disc  for  more  con¬ 
venience  in  accessing  and  processing  data  on  a  repeat  basis  for  development 
purposes. 


As  shown  in  Figure  28,  the  main  program  calls  6  suOroutines  in  processing  the 
IBM  370/CHAS  data  blocks  for  each  hazard  or  measured  parameter.  The 
differential  equations  (DIFFEQ)  subroutine  calculated  the  derivatives  of  260 
differential  equations  in  a  double  do-loop  procedure.  The  number  of  equations 
depended  on  tne  number  of  gases  recorded  during  CHAS  burn  tests  and  the  number 
of  zones.  The  same  set  of  equations  was  used  to  calculate  all  hazards  for  the 
single  zone  program  but  computation  time  was  greatly  reduced  since  only 


^FIRE  “  ^CONVECTION  ^  ^RADIATION 


^FIRE  ■  ^STORAGE  %SSES  ^VENTIUTION 
WALLS 
AND  AIR 
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0  VENTILATION 


ALL  PARAMETERS  VARY  WITH  TIME 

Aj  FIRE  SIZE  DETERMINES  HEAT  OUTPUT 
AIR  TEMPERATURE 
tg  SURFACE  TEMPERATURE 


FIGURE  27.  FIRE  DYNAMICS  MODEL  FOR  FACP 

the  total  CFS  cabin  volume  was  involved.  The  flow  dynamics  subroutine 
(FLODYN)  was  not  needed  in  the  single  zone  program  since  the  assumption  of  in¬ 
stantaneous  complete  mixing  of  gases,  heat,  and  smoke  was  operative 
(well-mixed  reactor  approach).  Differential  equations  describing  the  time 
histories  for  each  zone  wall  and  air  temperature,  smoke  density,  CO,  CO2, 
H  0,  O2,  N2,  and  NO/NOx  were  numerically  integrated.  Provision  for  3 
additional  gases  were  included  for  printout  in  the  program  out  of  an  optional 
list  of  7  toxic  gases. 

The  individual  gas  constants  (molecular  weights  and  specific  heat  capacities) 
were  input  into  the  program.  These  constants  are  listed  in  Appendix  C. 
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NOTKS : 

1.  DATTAP  ^  IBM  TAPK  W I  Tli  (HAS  DAl'A 

2.  SBR  PRINTS  1»ATA  INl’l.UDlN'i  CHI 
Ff)R  KACM  '/.ONE 

K  SBP  KBOOVN  I'Al.CCLA  i  cs  /t>NJ  ■  l  i  i  - ,  i  >N 
K1.(>W  HATES  ANj*  KNTHAIJY  CHAN(;i: 

4.  SHK  i>irEr;.)  ■‘au.'ci.atf  the  pati  <>i 

CHANiU:  OF  Al.L  VAR  I  ABI  ES  Fr'R  I  .ACH 
TIME 

5.  RUNQJ  NUMEHICALEY  INTI  iPAIl':  [HI 
DIFFERENTIAE  EuDATImns 

6.  SKB  ESTl  CAlA'Ul.ATFS  THt  IWACTJ.'NA 
IH.>SE  rcNCENTRAl  I(»NS  AND  TliF  CHI"' 


FIGURE  28.  20  ZONE  FIRE  ANALYSIS  COMPUTER  PROGRAM 

W' "n  all  of  the  (derivatives  in  the  OIFFEQ  subroutine  were  evaluated,  a  oouble 
P'  -ision  differential  equation  (Runge  Kutta)  subroutine  (SBR  RUNGU)  nu¬ 
merically  integrated  the  equations  to  obtain  the  concentration  values  of  each 
hazard  for  the  next  time  point.  The  computing  time  interval  for  successful 
use  of  the  Runge  Kutta  procedure  was  0.02  seconds.  Any  longer  time  interval 
made  the  system  of  equations  integrations  unstable  and  resulted  in  incorrect 
data  output  or  an  IBM  370  progam  interupt  from  an  overflow  in  various  storage 
registers.  This  highlights  one  of  the  20  zone  program  deficiencies  since  15 
minutes  of  computer  processing  time  was  required  to  process  300  seconds  of 
burn  test  data  at  a  cost  of  $700  per  run  (day  cost)  or  $350  (night-deferred). 

The  last  '  jbroutine  (ESTI)  calculates  the  fractional  doses  for  each  hazard 
based  on  the  individual  personnel  hazard  time  to  incapacitation  limit  curves 
presented  in  Section  III,  and  prints  out  the  CHI.  The  CHI  in  the  20-zone  pro¬ 
gram  was  determined  for  the  arbitrarily  fixed  "CHI  location"  (Zone  13)  or  for 
any  zone.  Only  one  CHI  value  is  determine  when  2  FDi  =  1  in  the  case  of  the 
single  zone  FACP.  Tne  program  loops  back  to  the  print  subroutine  (SBR  print) 
and  prints  out  all  calculated  data  at  preselected  time  intervals  during  the 
■^OO-second  burn  time.  Five  second  intervals  were  selected  as  the  optimum  for 
printout  in  the  FACP  determinations  Examples  of  the  IBM  printout  of  pro¬ 
cessed  data  from  runs  made  using  the  20  zone  and  single  zone  programs  are  pre 
sented  in  Appendix  C. 
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FlO>^  dynamics  routine  -  The  FLODYN  Subroutine  used  to  calculate  zone  to  zone 
flows  of  smoke,  heated  air  and  gases  from  the  vertically  oriented  4  x  6  ft. 
panels  burned  in  the  CFS  was  developed  on  the  basis  of  a  simplified 
semi-empirical  treatment  of  the  problem.  Each  zone  in  the  model  was  assumed 
to  be  instantaneously  well-mixed.  Thus  flows  were  calculated  only  across  the 
boundries  between  zones,  and  temperatures,  smoke  and  gas  concentrations  were 
considered  isotropic  at  any  instant  within  zone  boundries.  The  arrangement  of 
the  twenty  zones  in  the  cabin  is  shown  as  Figure  29. 


1-0 


TEST  PANEL 
RADIANT  PANEL 


FIGURE  29.  20  ZONE  CFS  FIRE  MODEL 


Each  zone  has  a  number  and  its  connection  to  other  zones  is  defined  by  a  two 
aimensional  array,  P  (I,  K)  where  I  is  the  zone  number  and  K  is  the  six  sides 
of  the  zone  (four  walls  and  the  top  and  Dottom  of  the  zone).  The  number  K  in 
the  array  defines  which  zone  connects  to  the  zone  I  for  each  of  the  six 
sides.  If  one  of  the  sides  of  zone  I  is  a  wall  K  it  is  set  equal  to  zero 
which  will  indicate  that  gas  flow  cannot  pass  through  that  surface.  The  di¬ 
mensions  of  the  P  array  are  P  (20,  6),  and  thus  there  are  one  hundred  and 

twenty  numbers  in  the  array  which  define  all  of  the  interconnections  between 
iones.  Another  array  CA  (I,  K)  defines  the  flow  coefficient  times  the  flow 

area  for  each  of  the  surfaces  in  the  P  (I,  K)  array.  A  third  KADL  (I,  K) 

array  provides  a  KA/L  heat  transfer  term  between  zones  for  each  of  the  sur¬ 
faces  in  the  P  (I,  K)  array.  The  input  value  for  the  KA/L  heat  transfer  term 
was  estimated  from  known  air  atmosphere  values. 
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When  the  FLODYN  subroutine  is  called,  values  for  each  of  the  variables  for  the 
current  time  point  are  known.  The  total  pressure  in  each  zone  is  calculated 
from  a  summation  of  the  partial  pressures  in  each  zone.  The  flow  from  a  zone 
to  each  of  the  six  sides  ot  a  zone  is  calculated  in  a  double  do- loop  of  zones 
and  walls  of  a  zone  as  a  function  of  the  total  pressure  differential  across 
connecting  zones.  The  P  (I,  K)  and  CA  U.  K)  arrays  are  used  to  determine  the 
interconnections  and  flow  coefficients  to  be  used  for  each  surface.  If  the  K 
value  in  the  array  is  zero,  indicating  an  outer  wall  surface,  the  flow  cal¬ 
culation  is  bypassed.  Inis  routine  is  continued  for  all  of  the  120  surfaces 
involved.  The  zone  to  zone  flow  equation,  selected  for  use  in  the  computer 
program,  is  the  Perry  orifice  equation  reported  in  iTeference  20. 


Where:  W 

CA  (I,L) 
L=l,  6 

^  =  P(I, 
Pf  (I) 

Pt  (O 

ra  (I) 


=  .'lass  flow  rate  of  gas,  1  D/sec. 

=  Flow  coefficient  x  area  of  zone  (1)  to  connecting  zone  K, 

L);  I  ==  Zone  No.;  L  =  6  Fides 
=  Zone  ^I)  pressure,  PSIA 
=  Connecting  Z''ne  (K)  pressure,  K  =  1,20 
=  Zone  (I)  temperature  differential,  °R 


Thus,  all  the  possiole  flows  through  the  various  zones  are  taken  into  acount. 


Ine  flow  of  smoke  from  zone  so  zone  is  made  proportional  to  the  total  volume 
flow  between  zone  ("particles"  per  ft^  sec).  A  derivation  of  the  smoke  flow 
algorithm  and  formulas  used  in  the  FACP  is  presented  in  Appendix  C. 


The  flow  of  individual  gases  is  calculated  from  the  ratio  of  the  partial 
pressure  of  the  gas  to  the  total  pressure  of  gas  in  a  zone  times  the  molecular 
weight  ratio  of  the  gas  to  the  molecular  weight  of  the  m'xture: 


W(J)  =  W(I)  X 


Where;  W{J) 

=  Flow  of  gas  J,  lo/sec 

W(I  ) 

=  Total  flow,  lo/sec 

P(J) 

=  Partial  pressure  of  gas,  psia 

Pjd) 

=  Total  zone  pressure,  psia 

M(J) 

=  Molecular  weight  of  gas,  Ib/mole 

M(I) 

=  Molecular  weight  of  gas  mixture  in  zone  (I),  Ib/mole 

Ine  enthalpy  change  in  the  zone  to  zone  flows  is  calculated  from  the  known 
total  flows  and  zone  temperatures  and  zone  specific  heats.  The  heat  transfer 
oetween  zones  is  calculated  from  the  temperature  differential  oetween  zones 
and  the  KADL  term.  The  equation  ’s- 


Q  (I,L)  =  [KADL{I,L)jLTa(I)-Ta(K)] 
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Where: 


KADL  (I,L)  =  Heat  transfer  term  between  zones  I  to  K, 

I  =  1,20;  L  =  1,6;  Ta(I)  and  r^CK)  =  zone  and  zone  boundry  air 
temperatures,  “"F 

Q  (I,L)  =  Heat  flow  across  zone  surfaces. 


Ine  combustion  gases  exhaust  to  ambient  through  an  exhaust  duct  from  zone  six¬ 
teen.  The  total  flow  is  calculated  using  an  incompressible  flow  equation: 


WAtX  =  CAEXH 


Py{16)  x  LPj(16J  ■  ^AMB^  ^  2  g 


Where : 


CAtXH  =  Exhaust  duct  flow  coefficient  x  area,  in^ 
P]-(16)=  Total  pressure  in  zone  16,  psia 
PamB  “  Ambient  pressure,  psia 

g  =  Gravitational  constant,  32.17  ft/sec^ 

RM(16)  =  Zone  16  gas  constant  10.73, 

ft-lb/lb-“R 

Ta{16)  =  Gas  temperature  in  zone  16 


The  flow  of  the  individual  gases  and  smoke  exhausting  from  zone  16  is  cal¬ 
culated  in  a  manner  similar  to  the  zone  to  zone  flows.  The  data  calculated  in 
the  flow  dynamics  subroutine  is  used  in  subroutine  DIFFEQ  in  obtaining  the 
rates  of  change  of  all  of  the  variables.  The  equations  are  then  numerically 
integrated  by  the  IBM  RUNGE  KUTTA  routine  which  has  been  written  into  the  pro¬ 
gram]  The  flow  dynamics  subroutine  repeats  the  calculations  for  each  com¬ 
puting  time  interval  while  all  of  the  variables  are  varying  with  time. 


The  120  unknown  zone  interface  flow  coefficients  were  not  determined 
mathematically.  The  CA  flow  coefficients  were  selected  and  ad-  justed  in  the 
program  on  a  trial  and  error  basis  using  the  CFS  test  data  meas-  ured  for 
panels  1,  2  and  3.  Larger  CA  values  were  set  for  vertical  surfaces  in  a  zone 
with  the  largest  values  set  for  zones  in  and  near  the  burning  panel.  Tnus, 
the  flows  were  generally  directed  to  account  for  larger  ceiling  flows  and  with 
increaseo  downward  mixing  toward  the  CFS  exhaust.  Because  of  the  limitations 
imposed  oy  program  cost  constraints  ana  the  trial  and  error  approach  required 
to  develop  the  FACP,  the  changes  in  input  variables  needed  for  best 
predictability  by  the  computer  program  were  not  optimized. 


Only  4  first  order  differential  equations  were  used  in  the  compute  program: 
(1)  smoke,  and  (2)  air  and  compartment  (zone)  wall  temperatures,  and  (3)  gases 
partial  pressure  (mass  concentration).  Tne  calculation  procedure  looped 
through  all  of  the  equations  for  each  time  point  and  zone  in  sequence  with 
bounding  zones  until  all  hazards  were  evaluated  in  every  zone.  The  do-  loop 
procedure  provided  a  means  for  describing  the  transient  changes  in  hazards 
concentrations  in  the  system  in  a  concise  manner. 


DEVELOPMENT  OF  DIFFERENTIAL  EQUATIONS 

Douglas  extensively  uses  computer  programs  to  solve  engineering  problems, 
arising  from  the  need  to  guarantee  the  pull-down  time  to  cool  an  aircraft  from 
a  hot  starting  condition  to  comfortable  air  temperature  using  onboard  or 


-68- 


yroLind  equipment  as  a  source  of  cooling  air.  Tnis  involves  the  solution  of 
differential  equations  describing  a  heat  balance  on  the  aircraft  as  a  function 
of  time  during  the  cooling  period.  Heat  transfer,  heat  capacitance,  cooling 
air  flow  rates,  and  temperatures  are  the  parameters  consioered  in  solving  thi^ 
problem.  The  technique  has  been  used  on  many  different  aircraft  with  good 
success . 

In  considering  what  happens  in  an  aircraft  fire,  the  same  problems  are  faced 
that  have  been  solved  in  transient  heating  or  cooling  of  an  aircraft. 
Unsteady  heat  transfer  into  and  out  of  materials  and  equipment,  thermal 
capacitance,  heat  losses,  ventilation  rates,  and  compartment  sizes,  are  the 
same  parameters  used  in  a  fire  analysis  as  well  as  in  heating  and  cooling 
problems  in  an  aircraft. 

The  differential  equations  approach  to  fire  analysis,  explored  during  the 
early  iRAD  fire  analysis  effort,  showed  that  fire  dynamics  could  be  handled  in 
tnis  manner.  Transient  air  and  surface  temperatures  obtained  by  analysis 
agreed  very  well  with  those  obtained  in  actual  fire  tests.  The  concept  can  be 
further  developed  to  describe  what  happens  to  the  materials  being  heated  or 
burned,  and  the  products  of  combustion  or  material  emissions  can  also  be 
determined  analytically  as  discussed  in  the  following  pages. 

In  fire,  the  temperature  of  the  air  neats  up  rapidly  due  to  the  convective 
neat  flux  from  the  fire  and  because  the  air  has  a  very  low  thermal 
capacitance.  The  surface  temperature  of  materials  at  a  distance,  and  not 
directly  in  contact  with  the  flames,  increases  more  slowly  due  to  tne  higher 
thermal  capacitance  of  the  material  and  due  to  the  strong  radiation  view 
factor  effecting  on  objects  at  a  distance  from  the  fire.  Another  important 
factor  is  the  characteristic  of  tne  so-called  unsteady  temperature  gradients 
in  the  material  as  a  function  of  the  thermal  diffusivity,  conductivity,  and 
tne  specific  heat  and  density.  For  example,  a  material  with  a  low  thermal 
conductivity  would  not  conduct  the  heat  away  from  the  surface  as  fast  as  the 
heating  rate  being  applied,  and  the  surface  temperature  would  rise  faster  than 
points  within  the  interior  of  the  material.  Tne  neat  flux  entering  a  surface 
is  also  a  function  of  the  surface  temperature,  and  in  order  to  analytically 
describe  now  tne  heat  of  a  fire  is  being  dissipated,  it  is  necessary  to 
describe  mathematically  this  unsteady  heat  flow  phenomenon. 

The  cabin  section  volume  and  the  external  environmental  conditions  affecting 
ventilation  in  an  accidental  crash  fire  scenario,  must  also  be  included  in  tne 
mathematical  model.  Laboratory  fire  test  data  taken  in  a  small  chamber  cannot 
oe  applied  directly  to  a  large  compartment.  In  addition  to  the  heat  flux 
problem  discussed  above,  consideration  must  be  given  to  the  rate  at  which 
toxic  gas  emissions  from  the  decomposed  material  affects  the  concentrations  of 
these  gases  in  tne  cabin  atmosphere.  Obviously  it  is  not  practical  to  perform 
and  interpret  burn  tests  on  all  potential  materials  and  combinations  in  a 
full-size  cabin  fire  test  chamber.  Tnis  leads  to  tne  conclusion  that  some 
analytical  procedure  is  required  which  will  bridge  the  gap  between  laboratory 
tests  and  the  fire  scenario  for  a  full-sized  aircraft. 

Tne  unsteady  heat  flow  problem  has  been  widely  treated  in  literature.  Heat 
transfer  notes  by  L.M.K.  Boelttr  and  others  (Reference  21)  presented  plots 
showing  the  temperature  change  characteristics  of  materials  suddenly  thrust 
into  a  hot  environment.  The  plots  were  calculated  by  using  an  infinite  series 


WHERE: 

a  =  THERMAL  DIFFUSIVITY.  fl^/sec 
L  =  HALF  T!  .CKNESS,  ft 
e  =  TIME,  SECONDS 
k  =  CONDUCTIVITY,  Btu/sec  ft  °R 

h  =  FILM  COEFFICIENT.  °R 
Tj-  SURFACE  TEMPERATURE,  °R 
T  ^  AIR  TEMPERATURE,  °R 

d 

T  =  INITIAL  SURFACE 
^0  TEMPERATURE,  °R 


DIMENSIONLESS  PARAMETERS: 
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FIGURE  30  TRANSIENT  HEAT  TRANSFER  PLOT  FOR  EQUATION  1 
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solution  proposed  by  H.  Grober.  The  procedure  used  is  tedious  and  only 
considers  a  case  where  the  external  surface  neat  transfer  coefficient  and 
temperature  are  constant.  The  method  does  not  appear  to  have  direct 
application  in  analyzing  the  dynamics  of  a  fire. 

During  IRAD  work  at  Douglas  on  the  development  of  fire  analysis  techniques,  an 
empirical  equation  was  developed  which  closely  fits  the  characteristics  of  a 
"Grober  Plot"  for  a  surface.  This  is  Equation  1,  in  Figure  30,  and  points 
calculated  with  the  equation  are  plotted  on  a  Grober  plot  to  snow  the 
agreement  over  a  wide  range  of  the  dimensionless  parameters.  This  equation 
was  differentiated  to  put  it  in  a  differential  form  (Equation  2)  and  the 
surface  area  and  the  thermal  capacitance  of  the  material  were  included  in  the 
equation  oy  transformation  of  some  of  the  parameters. 

The  differentiated  form  of  Equation  1  representing  the  differential  equation 
for  inside  surfaces  is: 


dTs 

da 


2  A 

he(Ta-Ts)-^ 


1  + 


1  + 


he  a  a 
k  L 


(2j 


Now  the  equation  can  accommodate  external  temperature  changes  as  described  by 
its  differential  form.  The  outside  surfaces  differential  equation  is: 


Variations  in  the  external  heat  transfer  coefficient  can  be  permitted  by 
defining  a  combined  convection  plus  radiation  heat  transfer  coefficient  as 
shown  below.  This  is  then  substituted  into  Equation  2  and  3. 


he  =  ha  +  hr  =  ha  +  T  X  0.1714  x  10-8 


.(Tf^  -  Ts^)Af 


(T,  -  Tc)  A 


S'  "s 


The  total  heat  flux  per  unit  of  surface  area  is: 


Q  =  hg  (Tg  -  Tj)  =  Oconvection  +  Qradiation 
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Where: 


T 


u 


=  Radiation  View  Factor.  Dimensionless 

p 

=  Flame  Area,  ft 
=  Surface  Area,  ft^ 

=  Specific  Heat,  Btu/lo  “R 

2 

=  Convective  Heat  Transfer  Coefficient,  Btu/sec  ft  “R 
=  Weight  of  the  Material,  lbs 
=  Outside  Surface  Temperature,  “R 
=  Overall  Heat  Transfer  Coefficient,  Btu/sec  ft^  °R 


Equation  3  now  can  be  used  to  describe  the  surface  temperature  of  a  material 
being  subjected  to  the  rapid  heating  which  occurs  during  a  fire  when  all  of 
the  parameters  are  changing  continuously.  The  exponential  terms  automatically 
take  care  of  thick  or  thin  materials,  and  the  effects  of  time.  For  a  thin 
material  the  exponential  terms  remain  in  the  equation  and  provides  the  desired 
relationship  of  surface  temperature  and  temperature  gradients  within  the 
material.  Time  also  causes  variations  in  the  effect  of  the  exponential  term 
causing  it  to  go  to  zero  at  steady  state.  The  above  approach  eliminates  the 
need  to  use  partial  differential  equations  to  describe  the  unsteady  heat 
transfer  phenomenon. 

Equation  2  can  be  used  to  describe  the  thermodynamics  of  interior  material 
such  as  seats,  partitions,  and  equipment  where  heat  is  flowing  into  both 
sides.  An  exterior  wall  has  heat  flowing  into  one  surface  and  heat  losses 
through  the  other  to  the  outside.  These  effects  have  oeen  added  to  the 
equation,  giving  an  external  wall  differential  equation,  as  shown  in  Equation 
3. 

An  air  temperature  differential  equation  is  shown  in  Equation  4.  It  describes 
effects  of  volume,  ventilation  rate,  heat  exchange  between,  materials  and 
convection  from  the  flame  of  a  fire. 

»  j^[''fh£(TF-U-UCp(T„-Te)*fv,A^(T,-1„)]  (“I 

Wh  6  r6  *  d  CO 

=  Air  temperature  change  in  a  zone  with  time,  ®R/sec 

M^  =  Rho  X  V,  weight  of  air  in  the  zone,  lo. 

Cp  =  Average  specific  heat  of  air,  Btu/lo-®R 
Af  =  Flame  area,  ft^ 

hf  =  Convective  heat  transfer  coefficient,  Btu/sec  ft^  •’R 

Fp  =  Average  flame  temperature,  °R 

T  =  Temperature  in  a  zone,  ®R 

W  =  Mass  flow  of  ventilation  air,  Ib/sec 

Tj.  =  Temperature  of  incoming  ventilation  air,  '^R 

n^^  =  Cabin  wall  heat  transfer  coefficient  bounding  a  zone, 
Btu/sec  ft^  "“R 
A^k  =  Area  of  wall,  ft^ 

T^  =  Wall  temperature,  ®R 
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The  first  term  within  the  brackets  in  equation  4  calculates  the  heat  exchanged 
between  the  flame  and  air.  The  second  term  subtracts  the  heat  carried  out  of 
the  cabin  (CFS)  by  ventilation  air  and  the  last  term  calculates  the  heat 
exchange  between  the  walls  and  air. 

The  zone  air  differential  temperature  equation  used  in  the  FACP  was  derived  by 
equating  tne  thermal  capacitance  of  the  air  times  the  rate  of  change  of  the 
air  temperature  to  a  summation  of  the  heat  flow  into  or  out  of  the  air.  The 
equation  is: 


MaCpdT/dt=^iHeat  Flows) 

Substituting  the  ideal  gas  equation  (P=>*RT),  the  equation  becomes: 


dT/dt=RT/(PVCp)  X  (Qin'Qout) 

Where;  /)  =  Density  of  gas,  lo/ft^ 

Qi„  &  includes  the  enthalpy  change  of  the  flowing  gases  plus  heat 

from  the  burning  material  along  with  the  heat  exchange  to  the  walls. 

DIK'^'ERENTIAL  EQUATION  FOR  SMOKE  -  The  smoke  data  obtained  from  the  CHAS  tests 
ana  stored  on  tape  is  oefined  oy  the  following  equation. 

S  =  Log,Q(IOO/Tj  Q/lA  (6) 


Wnere : 

S  =  Smoke  Units,  "particles" 

T  =  Fraction  of  light  transmission  (varies  from  one  to  zero) 

L  =  Smoke  detector^ 1 ight  patn  lengtn,  m 
A  =  Sample  area,  m^  (CHAS  value) 

Q  =  CHAS  airflow  rate,  m^/min 

The  flow  of  smoke  is  assumed  to  be  proportional  to  the  total  gas  mixture 
volume  flow  rate. 

The  flow  of  smoxe  into  and  out  of  a  zone  is; 

^in  ■  ^out  '  ^1  '^^in/^^^in  ~  ^2  '"^^out'^^^^out 
and  the  differential  equation  used  in  the  FACP  for  smoke  was: 


dS/dT  =  (S^n  -  Sout)  AP/V 


(7) 


Where: 

S)  =  Instantaneous  smoke  concentration  flowing  into  the  zone, 
"particles'Vft^ 

$2  =  Instantaneous  smoke  concentration  flowing  out  of  the  zone, 

"particles "/ft^ 
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WM  =  Weight  flow  rate  of  the  gas  mixture,  los/sec 
RHO  -  Density  of  the  mixture,  los/ft^ 

S-jn  =  Smoke  flow  into  a  zone,  per  ft^ 

Sout  *  Smoke  flow  out  of  a  zone,  per  ft^ 

AP  =  Area  of  burning  panel,  ft^ 

V  =  Volume  of  the  zone,  ft^ 

fhe  equation  behaves  like  a  differential  pressure  equation  where  gas  is  stored 
or  depleted  in  a  volume  (capacitance)  as  a  function  of  time.  The  smoke  level 
can  build  up  in  a  zone  as  a  function  of  the  total  flow  rates. 

A  differential  equation  giving  the  rate  of  change  of  the  partial  pressure  of 
each  gas  is  obtained  by  differentiating  the  gas  Law. 

The  gas  law  is; 

P^V  =  M^RiT  (8) 

Where : 

Pi  =  Partial  Pressure  of  Each  Gas  in  Mixture,  Ibs/in^ 

Mi  =  Weight  of  each  Gas,  lb 
Ri  =  Gas  Constant 

V  =  Volume  of  Zone,  ft^ 

r  =  Absolute  Temperature,  °R 


ijf^  -  Mass  flow  rate,  Ib/sec  of  each  individual  gas  into  the  zone. 
^OUT  "  rate,  Ib/sec  of  each  individual  gas  out  of  the  zone. 
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IhtiSL*  quantities  are  functions  of  the  flow  into  and  out  of  each  zone,  and  the 
generation  rate  from  the  fire  for  each  of  the  individual  gases. 

The  differential  equations  were  numerically  integrated  for  each  gas  along  with 
the  other  differential  equations  in  the  CHI  program.  The  partial  pressure  of 
each  gas  will  be  known  in  each  zone  as  it  varies  with  time. 

The  total  pressure  in  the  compartment  can  be  obtained  from  a  summation  of  the 
partial  pressures. 


P  =2Pi  (10) 

and  the  weight  of  each  gas  can  be  obtained  from  the  gas  law: 


P.V 

1 


(11) 


Mi  =  Total  M  =ZMi 

The  gas  constant  for  the  mixture  is  obtained  from: 


and  C 


and  C 


and 


I  IM. 

R,)/H 

(12) 

mixture 

'  S  («,  Cp,  )/M 

(13) 

mixture 

■  r  1",  C.iVM 

(14) 

17  = 

Cp  I<"i  Si' 

r 

C,  MM,  C„) 

Where: 

Cy  =  Heat  capacity  of  the  gas  at  constant  volume 

The  derivation  of  an  equation  used  to  express  the  zone  to  zone  flow  of 
individual  gases  which  is  used  in  the  flow  dynamics  subroutine  is  given  below: 


The  ideal  gas  law  is: 


Mt  =[ptV/(RtJ  (MW) 

ave 

trii  =[PiV/(RTj(MW)i 
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The  mass  fraction  of  gas  "i"  in  a  zone  is; 


mj/Mj  =  Pi/PT(MW)i/(MW)T 

The  constituent  gas  weight  flow  out  of  a  zone  is: 


Wi  =  mi/M-rWy  =  {Pi/PT)(MW)i/{MW)ave  Wj 

Nonmencl ature  used  in  the  gas  equations  are  as  follows: 

Uppercase  symbols. 

M  Mass,  Ibm 

P  Total  pressure,  Ibf/ft^ 

V  Zone  volume,  ft^ 

T  Temperature,  “F 

R  Universal  gas  constant 

MW  Molecular  weight 

W  Total  flow,  Ibm/sec 

Lowercase  symbols 

m  Constituent  gas  mass,  Ibm 

p  Constituent  partial  pressure,  Ib/ft^ 

w  Constituent  flow,  Ibm/sec 

V  Constituent  partial  volume,  ft^ 

Subscri pts: 

i  Refers  to  specific  gas  constituent 

T  Total 

ave  Average  gas  property 


The  differential  equations  used  in  the  FACP  were:  inside  wall  temperature 
(Equation  2);  air  temperature  (Equation  5);  smoke  (Equation  7);  and  gases 
(Equation  g).  Tne  outside  wall  temperature.  Equation  (3),  was  not  used  in 
the  final  version  of  the  FACP.  Toxic  gas  concentrations  (Mi)  were 

calculated  by  the  FACP  as  ratios  cf  the  individual  partial  pressures  to  the 
total  pressures.  The  total  pressures  at  any  instant  were  not  precisely  known 

since  all  of  the  gases  evolved  in  the  combustion  process  were  not  measured  in 

the  laboratory  (CHAS).  However,  air  plus  the  major  products  of  combustion 
that  were  directly  measured  (CO,  CO2,  0?  depletion)  accounted  for  90-95X 

of  the  mass  balance  in  the  CFS  tests  as  calculated  by  the  FACP.  Nitrogen  and 
HgO  vapor  mass  concentrations  were  calculated.  A  derivation  for  the  method 
of  calculating  water  is  included  in  the  Appendix.  Smoke  was  measured  in  terms 
of  optical  transmission  and  was  not  included  in  terms  of  mass  optical  density. 


-76- 


Fortran  versions  of  the  four  differential  equations  descrioed  above  have  been 
coded  into  the  CHI  computer  program  in  do  loop  routines  whicn  are  the  same  for 
all  ^ones  and  gases.  Each  gas  has  a  particular  gas  constant  and  specific 
heat.  The  zones  are  descrioed  by  their  volumes,  surface  areas  and  wall  heat 
transfer  characteristics.  The  program  loops  through  the  gas  partial  pressure 
equation  for  each  gas  in  a  zone,  and  it  then  continues  on  to  the  next  zone 
until  all  of  the  zones  have  been  analyzed  for  a  time  point.  This  cycle  is 
repeated  for  each  computing  time  interval  to  the  maximum  time  specified  for 
the  run. 
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V.  TEST  MATERIALS 


MATERIALS  SELECTION 

Candidates  for  selection  of  four  materials  were  to  satisfy  largely  the  fol¬ 
lowing  criteria: 

1.  Represent  interior  cabin  materials  currently  in  airline  service  or  under 
development. 

2.  Possess  a  large  exposure  area  and  potential  high  fire  load  (total  weight 
in  cabins). 

3.  Comprise  sufficiently  differing  chemical  compositions  to  evolve  meas¬ 
urable  quantities  of  many  probable  gaseous  products. 

4.  Contain  an  organic  resin  content  high  enough  to  evolve  quantities  of 
heat,  smoke,  and  gases  at  levels  that  substantially  approach  or  exceed 
personnel  hazard  levels  when  reasonable  areas  are  exposed  to  a  simulating 
fire  scenario  heat  source  in  CFS  testing. 

Four  large  area  cabin  panels  were  selected  to  represent  a  wide  range  of 

typical  constructions.  The  first  was  a  then  current,  wide-body  honeycomb 
sandwich  construction  with  decorative  covering  on  both  sides  used  for  part¬ 
itions,  galley  and  lavatory  walls.  The  second  was  a  current  production 
panel.  The  thi'^d  panel  was  a  1958  wall  panel  design.  Tne  fourth  panel  was 
identical  in  construction  to  panel  1,  except  that  epoxy  resin  instead  of  modi¬ 
fied  phenolic  was  used  in  fabrication. 

PANEL  FABRICATION 

PANEL  NO.  1  fabrication  -  Panel  No.  1  was  made  earlier  in  the  program  than  the 
fTnal  three.  Six  48  X  96  inch  panels  were  fabricated  for  use  in  laboratory 

and  full  scale  Cabin  Fire  Simulator  (CFS)  testing.  Fabrication  was  observed 
by  an  engineer  who  selected  production  materials  to  be  identical  in  all 

panels.  Due  to  press  capacity,  these  were  made  in  three  press  operations. 

This  panel  consisted  of  the  following  commercially  available  components. 

Decorative  Outer  Layer:  Tedlar  (D  /Vinyl  laminate,  Type  3-10-195  polyvac  T 
Green  and  Blue  Cork,  Mf'd.  10-25-73  lot  12723  Polyplastix  United,  Inc., 

Chicago  Division.  Facing:  Phenolic  Impregnated  "C"  Stage  Fiberglass  laminate 
Cloth,  31.3%  resin  content,  Hexcel  Corp.,  Mf'd.  11-22-77  Batch  No.  41320. 
Core:  Nomex  Honeycomb,  Phenolic  impregnated,  DMS  1947J  Class  2,  Type  1,  Grade 
A,  0.700  inch  thick  Orbitex  HMX-1/4-1.5,  Mf'd  8-77.  Adhesive:  (Facing  to 
Core)  Epoxy  film  adhesive  MDS  1903D,  Weight  0.040,  Reliable  Manufacturing 

Company,  Mf'd  2-28-78.  Blocking:  None.  Glasing:  None.  Primer:  National  Ad¬ 
hesives  No.  41-4463.  Table  12  gives  a  breakdown  of  the  structure  and  com¬ 
position  of  panel  material  No.  1.  The  element  content  shown  for  each  poly¬ 
meric  constituent  is  known  or  was  obtained  for  certain  elements  using  X-ray 

fluorescence  spectroscopic  analysis.  The  weights  of  each  polymer  type  per 
unit  area,  and  for  the  4X6  foot  panel  size  used  in  full  scale  tests,  are 
listed  also. 


FASWICAFION  OF  PANELS  2,  3  AND  4  -  Five  4X8  foot  panels  each  of  three 
constructions  shown  in  Tables  TT^  l4,  and  15  were  fabricated  under  engineering 
supervision  with  the  same  attention  to  detail  as  with  Panel  No.  1.  These 
panels  were  cut  to  the  4  X  6  foot  size  for  CFS  tests  and  the  ends  of  each 
panel  (2X4  feet)  cut  into  10  X  10  inch  specimens  for  CHAS  testing.  All 
specimens  were  identified  so  that  data  from  CHAS  and  CFS  tests  were  from  the 
same  panel. 


TABLE  13 

PANEL  MATERIAL  NO.  2  CONSTRUCTION 


laminate 

WEIGHT  LBS/FT2 

FINISHED  PANEL  ’HYSJCALS 

STRUCTURE 

MATERIALS 

(GRAM/H2) 

WT.  LBS/FT2 

THICKNESS-IN. 

o 

Polyvinyl  Fluoride 
Decorative  Film 
+  Adhesive 

0.10 

(4a8.2) 

© 

"  FLY  SCREEN" 

0.12 

0.508  lb/ft2 

0.5 

© 

Phenolic  Fiberglass 
W/Epoxy  Adhesive 

NOHEX  Honeycomb 

Fil led  W/Fibergl . 

(585.9) 

0.056 

(273.4) 

(2480  g/m2) 

rtiiii 

@ 

Batting  W/Phenolic 
Binder 

Phenolic  Fiberglass 

0.0225 

(109.9) 

0.10 

© 

Phenolic  Fiberglass 
With  Epoxy  Adhesive 

i_ 

(488.2) 

o.n 

(537) 

. 

CFS  TEST  PANEL  4'  x  6‘ 

L 

(2.23  m2) 

12.19  lb 
(5.529  Kg) 

1 

ALL  5  TEST  PANELS 


J  G 

OMS  2008,  Pnlyvac  T,  Material  No.  76-117,  Class  1,  Poyplastex 
United,  Inc. 

1  '  OMS  2018,  Reliabond,  Product  R1717-1507/60  x  96  in.,  Lot/Roll 

Q)  509/20,  Mfg.  Date;  3-11-80,  0.12  Ibs/sq.  ft.,  Reliable 

Manufacturing  Inc. 

0 

OMS  2068,  Hexcel  Acousti-core,  HRH  10  Acoust i -core ,  Lot;  02609 

1.5  PCF,  0.25  in.  cell  site,  0.45  thick,  Hexcel 

Structural  Products. 

© 

_  _ 

OMS  2055,  Type  1,  Grade  A,  "B"  Stage  Phenolic/Glass,  Product: 

MXB6032/181,  Roll  42,  Mfg.  Date:  3-21-80,  0.10  Ibs/sq. 
ft..  Fiber! te  West  Coast  Corp. 

i  © 

L_ 

JMS  2017,  Type  1,  "C"  Stage  Phenolic/Glass,  Product:  NB1306-7781, 
Batch  000095,  Roll/unlt  000048,  Mfg.  Date:  2-14-80,  0.11 
Ibs/sq.  ft.,  Newport  Adhesives 
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TABLE  14 

PANEL  MATERIAL  NO.  3  CONSTRUCTION 


I  LAMINATE 
i  STRUCTURE 


MATER^IALS _ 

j  [PANLAM 
I  JcioLid  White 
I  1 0.026  Gaqe 
1  [SEMI  RIGID 


POPLAR  WOOO 


WEIGHT  .B/fT^  .  _  F;-,I^_rED,RANti  .ZilKlliALL- 
;  GRAM/M-)  .WLLPi'Tl- _  THIC-  NESS-  1'. 


I  .298  1b/ ft 


(6335  q/m') 


0.75  in. 


-•=1 - 1  AHOESIVE  I 

_  (Cpoxy)  I 

(?)  1 

■ : i ;  "  7?  I  [paper  honeycomb 

‘  ‘  ‘  I  /core,  0.45"  Thick. 

_ :  'fp  tre.a’ee _ 

CFS  TEST  PANEL  4'  x  6’ 


(:.23n^) 


31.15  lb 
(14.16  <gi 


'  !  QMS  1895,  Tvpe  5  PANLAM:  .026  Gage  Color:  Cloud  White  P.  0. 

0  I  6Bfi867486-9  DATE:  December  3,  1976 

'  Vendor's  Const.  •76-250 


i  (?)  DPM  5411  Adhesive  Primer 


,'J~  QMS  1  526E  .125  Thick  Type  1  CR  FJB  Poplar  Wood  DATE:  1-10-80  General 

,  _ Veneer  Mfg. _ _ _ _ _ 

^  DMS  1903  Adhesive  Batch:  «A-2798  Roll  *2  DATE:  4-80  Fiber-Resin  Corp. 
^ _ FR-7031  -2 _ _ _ 

DMS  1925,  Type  2  Paper  H/C  .45  Thick  (No  I.D.  Tags) 
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7/id^.L  1 ‘i 

A.  NO.  A  ( nosir-.iC:i','' 


<F-165-S9; 


MXB?704/iei 


S*'S  Type  1 

'  Class  ?,  Crade  A 
Nome*  H/C  .70  ''hick 
^  1  Densi tv  1  . 5  PCF 

Job  •L?45777-02 
Block  •HJD15N-7P204V 
P.C.»7BR-440728-Q 
I  Hexcpl  Corp. 


Jane  as  Panel 


Same  as  Panel 


i 
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VI.  CABIN  FIRE  SIMULATOR  TESTING 


CFS  TESr  SETUP 

Ine  full-scale  tests  performed  in  support  of  the  Combined  Hazard  Index  Program 
were  conducted  in  the  Douglas  Cabin  Fire  Simulator  (CFS).  The  objective  of 
these  tests  was  to  develop  tne  laboratory  test  methodology  and  demonstrate  the 
capability  of  the  computer  program  to  predict  the  environmental  spectrum 
within  the  CFS.  The  interior  of  the  CFS  was  configured  as  sliown  in  Figure 
31.  The  interior  of  the  cabin  was  segmented  into  18  zones  plus  two  zones  for 
interface  with  the  computer  program.  The  boundaries  of  18  zones  which  were 
formed  by  two  horizontal  planes  32  and  64  inches  above  the  floor,  two  vertical 
station  planes  at  152  and  314  inches  and  one  vertical  plant  on  tne 
longitudinal  centerline  of  the  CFS.  Tne  two  computer  interfacing  zones  were 
physically  located  within  the  18  zones  and  due  to  their  physical  size 
overlapped  several  compartment  zones.  Zone  1  was  the  radiant  panel  and  zone  2 
the  specimen  panel.  Tne  20-zone  computer  program  split  the  output  of  these 
two  zones  based  on  their  area  of  intrusion  into  the  18  compartment  zones.  For 
computer  identification  these  zones  were  numbereo  from  1-20  as  shown  in  Figure 
31.  They  were  identified  in  CFS  data  relative  to  their  geographic  position  in 
the  chamoer  and  their  vertical  location,  i.e.,  upper,  mid,  and  lower,  so  tnat 
the  lower  zone  farthest  from  the  radiant  quartz  lamp  array  was  identified  as 
lSW  flower  southwest).  Certain  locations  show  a  "T"  for  thermocouple  or  a  "P" 
for  photometer,  as  appropriate.  Eighteen  major  instrumentation  points  were 

located  in  the  center  of  each  of  these  zones  and  in  the  air  exhaust  duct.  Ine 
baseline  test  aluminum  panel  and  the  test  samples  were  exposed  to  the  radiant 
-lux  emitted  from  the  radiant  quartz  lamp  panel  modules  arranged  to  produce  as 
uniform  a  flux  as  possiole  on  the  exposed  panel.  The  test  panel,  during 

exposure  was  mounted  on  a  weighing  fixture  with  the  panel  face  32  inches  from 
the  quartz  lamps.  Ventilation  of  the  chamber  was  achieved  by  pumping  air 

through  a  plenum  mounting  the  lamps  and  exited  tnrough  a  pumped  exhaust  at  the 
far  end  of  the  chamber. 

ZUNE  INSTRUMENTATION  -  A  thermocouple  was  located  in  the  center  of  each  zone. 
Nine  photometers  sampled  the  smoke  density  as  percent  transmission  through  a 
12-inch  light  beam  as  recorded  by  a  Weston  cell  in  each  instrument,  located  ir 
the  zones  on  the  cabin  side  opposite  from  the  panels. 

Tne  temperature  of  the  air  was  recordeo  both  as  it  entered  and  exited  t'u- 

chamber.  These  measurements  were  made  by  thermocouples  mounted  in  tne  efii  '. 
and  exit  air  ducts.  Tne  air  temperature  was  also  measured  one  inch  unoer  lu 
ceiling  on  centerline  between  the  main  tnermocouple  mounting  ti'ees. 

CHAMBER  VENTILATION  -  Air  entered  the  chamber  at  875  cfm  flow  rate  at  a", 
temperature  througn  a  plenum  cnamoer  mounting  the  radiant  source, 
flowed  uniformly  around  all  of  the  radiant  elements  proviamq  t 'u  •  ■ 
cooling  for  the  power  cables  and  ceramic  reflectors.  Afte-  r  »  ■  ^  ■ 
the  CFS  the  air  exited  through  a  simulated  door  opening  i-'  in- 
and  out  through  a  b-inch  duct  in  the  center  of  the  end  domt-  t  •  ■ 
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FIGURE  31.  CHI  TEST  SETUP  IN  CFS 
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QUARTZ  LAMP  RADIANT  ARRAY  -  Simulation  of  the  post-crash  fuel  fire  radiant 
flux  was  achieved  with  16  Pyropanel  modules.  Model  No.  4083-16-12  fabricated 
by  Research  Inc.  This  assembly  Is  shown  In  Figure  32.  The  array  was  91 
inches  wide  by  64  Inches  high,  with  the  8  upper  and  lower  units  separated  by  a 
center  spacer  In  order  to  achieve  a  more  uniform  flux  distribution.  The 
radiant  energy  of  this  array  consisted  of  184  1600T3  CL  tungsten  filament 
quartz  lamps  operated  at  240  volts.  The  filament  temperature  at  this  voltage 
was  4000°F  with  a  spectral  energy  peak  wave  length  of  1.2  microns.  Total 
power  to  the  array  was  294.4  Kw.  Power  to  the  array  was  supplied  using  4 
ignitrons  operated  In  the  manual  mode.  Initial  setting  of  Ignition  power  was 
made  by  measurement  of  the  voltage  at  the  array  to  Insure  that  240  volts  was 
present  correcting  for  voltage  drop  In  the  power  cables. 

The  radiant  array  was  mapped  (Figure  33)  to  determine  the  optimum  distance  for 
specimen  location.  This  was  accomplished  using  5  Medtherm  Calorimeters,  each 
with  a  0-20  BTU/ft^/sec.  range.  The  objective  was  to  select  a  plane  In 
which  the  incident  heat  flux  was  most  uniform  at  each  selected  heat  flux. 
This  desired  flux  was  selected  to  coincide  with  that  being  used  In  the  HRR 
chamber. 

A  plot  showing  the  aporoximated  flux  distribution  for  a  nominal  average  power 
setting  of  4.41  Btu/ft‘  sec  (S  W/cnr)  Is  shown  In  Figure  34. 

SPECIMEN  MOUNTING  -  Figure  35  shows  Panel  No.  1  mounted  on  the  weighing 
fixture.  The  attachment  of  this  specimen  to  the  frame  was  made  with  3/16 
machine  screws,  5/8  in.  diameter  washers  and  nuts  on  the  frame  side.  All 
other  panels  were  held  to  the  frame  with  edgebars  and  cl^ps.  The  mauntlhg 
frame  was  held  in  position  by  a  four  bar  linkage  system  restrained  by  a  0-50 
1b.  load  cell  on  the  side  opposite  from  the  sample,  the  output  of  which  Is 
recorded  by  the  computer  data  system.  This  system  was  calibrated  by  .adding 
and  removing  weights  within  the  range  of  expected  weight  loss  and  Its 
performance  was  within  0.05  lb.  The  load  cell  was  Insulated  and  air  cooled  to 
maintain  stability. 

GAS  SAMPLING  -  The  atmosphere  of  the  CFS  was  sampled  at  the  CHI  point  ' (zone 
13)  and  in  the  air  exhaust  duct.  For  certain  acids  and  gases,  batch  bubbler 
samples  were  obtained  and  a  posttest  laboratory  analysis  of  their  contents  was 
performed. 

The  following  gases  were  sampled  and  monitored  by  specific  response  gas 
Instruments  at  the  following  locations:  (see  Figures  36  and  37). 

Gas  CFS  Exhaust  Multiple  Animal  Test  Point  (Zone  13) 


O2  Beckman-1008,  2  Hter/mln  flowrate  MSA-802,  2  llter/mln  flowrate 

CO2  Beckman-864,  1  llter/mln  flowrate  MSA-LIRA,  1  llter/mln  flowrate 

CO  MSA-LIRA,  1  llter/mln  flowrate  Bend lx 

CHjj  MSA-LIRA,  2  llter/mln  flowrate 

HCN  Kin-Tek  (OOW),  1  llter/mln  flowrate 
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FIGURE  33.  CALORIMETERS 


HEAT  FLUX  DISTRIBUTION,  BTU/FT^  SEC 
Nominal  Setting  »  4.41  Btu/ft2  sec) 


FIGURE  35.  PANEL  T  BEFORE  EXPOSURE  WITH  VERTICAL  PILOT  BURNER  TUBE  IN  POSITION 


FIGURE  36.  CHI  EXHAUST  GAS  MONITORS 


FIGURE  37.  CHI  POINT  GAS  MONITORS 


DATA  AC()UI.SITiON  -  Output  from  these  rea]  time  instruments  was  recorded  by  the 
PDP-1 5  computer  data  acquisition  system  beginning  from  time  zero  to  the  end  of 
the  data  acquisition  time  period  (21-22  minutes).  In  each  test,  power  was 
applied  to  the  array  20  seconds  after  time  zero.  Channel  nomenclature  was 
established  as  follows: 


Thermocouples 

Photometers 

TUNU 

PUSE 

TMNW 

PMSE 

TLNW 

PLSE 

TUN 

PUS 

TMN 

PMS 

TLN 

PLS 

TUNE 

PUSU 

TMNE 

PMSW 

TLNE 

PLSU 

Basic  18TC 

TUSE 

Real  Time  Gas  Exhaust 

TMSE 

TLSE 

COE 

COoE 

TUS 

TMS 

H^NE 

TLS 

CHXE 

TUSW 

At  CHI  Point 

TMSW 

TLSW 

COC 

C02C 

At  Ceiling 

TCW 

02C 

TCM 

TCE 

Sample  Weight  Loss 

At  Subject  Cages 

NL 

Nall  Temp 

TNW 

Cabin  Pressure 

TSW 

PC 

Vent  Air 

TAIN 

TAOUT 

Ventilation  Air  Flow 

VAIN,  VAOUT 


TIME  INTERVAL  "BATCH"  AND  INTEGRATED  (TOTAL)  "BUBBLER*  SAMPLES  -  The  batch 
samples  were  taken  at  selected  time  Intervals  Into  8  liter  stainless  steel 
cylinders  containing  50  ml  of  0.2  N  NaOH  absorption  reagent.  The  Inside 
surfaces  of  each  tank  were  wet  with  the  absorption  solution.  The  tanks  were 
mounted  In  parallel  on  a  1/4  Inch  stainless  steel  manifold  which  was  connected 
to  8  feet  of  TFE  tubing  leading  to  the  sampling  point  near  the  3  animal  T1 


test  cages  in  zone  13  (See  Figure  32).  These  cylinders  were  evacuated  to  0.8 
atmosphere  just  prior  to  a  CFS  burn  test.  Each  cylinder  was  Isolated  from  the 
sampling  line  by  a  solenoid  valve,  and  each  were  opened  sequentially  at  timed 
intervals  to  take  samples  during  the  test.  Each  absorption  solution  was 
removed  at  the  end  of  a  test  and  analyzed  by  microchemical  techniques: 


1.  HF  by  specific  ion  electrode  analysis 

2.  HCl  by  silver-electrometric  titration 

3.  HCN  by  colorimetric  analysis 

The  standard  glass  impinger  "bubbler"  samples  for  HF,  HCl,  and  HCN  and 
aliphatic  aldehydes  (as  HCHO)  were  taken  in  two  standard  glass  impinger 
bottles  connected  in  tandem  to  either  TFE  or  stainless  steel  sampling  lines 
leading  to  the  multiple  animal  test  point  (zone  13)  and  the  CFS  exhaust  for 
panel  No.  1  tests.  For  the  remaining  9  tests  of  panels  2,  3  and  4  these 
bubblers  were  mounted  Inside  the  CFS  in  an  insulated  box  to  protect  them  from 
heat  build  up  during  each  test.  Twelve  bubblers  were  connected  in  pairs  on  a 
manifold  inside  the  box;  one  set  contained  sodium  hydroxide  solution  for 
absorption  of  HCl  and  HF,  and  the  other  set  contained  the  aldehyde  absorption 
reagent  solution.  Flow  rates  of  CFS  atmosphere  were  sequentially  taken  at 
timed  intervals  into  each  pair  of  bubblers  by  remote  control  of  electrically 
operated  solenoid  valves.  This  assembly  is  shown  in  Figure  38. 

ANIMAL  TEST  LOCATIONS  -  Open  mesh,  split  wheel  cage  units  employing  sensors  of 
the  same  design  used  in  SATS  were  placed  in  the  zone  locations  shown  in  the 
CFS  schematic  (Figure  31)  for  panel  No.  1  tests.  Tnree  cages,  each  containing 
a  rat,  were  placed  side  by  side  in  Zone  13.  The  fourth  cage  was  placed  in 
Zone  12,  directly  under  the  3  in  Zone  13.  The  fifth  and  sixth  cages  were 
located,  respectively,  near  the  center  of  Zone  16,  and  at  the  exhaust  end  of 
the  CFS  between  Zones  16  and  19.  For  the  final  three  materials,  the  exposure 
chambers  were  redesigned  as  closed  polycarbonate  boxes  which  were  covered  with 
insulation  blankets  composed  of  two  inches  of  fiber  glass  insulation  lined 
with  a  silicone  material  on  the  inside,  and  covered  on  the  outside  with  a 
metallized  silicone  material.  The  CFS  air  was  pulled  through  two  large  inlet 
tubes  which  penetrated  the  insulation  bTankets  and  carried  the  air  into  the 
exposure  chambers.  The  air  was  mixed  by  deflectors  inside  the  chamber  and 
exited  through  a  single  outlet  which  was  connected  to  the  vacuum  pump.  The 
pump  was  situated  on  the  cage  platform  outside  the  insulation  blanket  to  avoid 
adding  the  pump's  heat  to  the  exposure  chamber.  Pump  capacity  was 
approximately  sixteen  liter  per  minute.  Figure  39  shows  the  insulated  animal 
test  chambers  located  near  the  CHI  location  and  midway  between  that  location 
and  the  exhaust  end  of  the  CFS. 

The  time  to  incapacitation  (Ti)  method  of  monitoring  the  rats  developed  by  the 
FAA  (Reference  4)  was  used.  The  output  from  the  contact  bars  were  recorded  on 
an  8-channe1  ASTRO  MED  SUPER  8  hot  pen  recorder  with  one  channel  dedicated  to 
each  rat.  The  temperatures  in  the  four  chambers  (six  rats)  were  multiplexed 
on  the  seventh  channel  and  the  temperature  in  each  chamber  was  recorded  for 
three  seconds  so  that  each  chamber  temperature  was  sampled  every  twelve 
seconds.  A  photograph  of  this  equipment  is  presented  in  Figure  40.  The 

recording  time  ran  from  approximately  20  minutes  before  the  test  to  30  minutes 
after  the  test.  Test  duration  was  20  minutes. 
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FIGURE  40,  MULTICHANNEL  RECORDER  AND  ANIMAL  TI  CAGE  ROTATION 
CONTROLLERS 


^  m 


FIGURE  41 .  CFS  VIDEO  CAMERA  RECORDER  AND  MONITOR 
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PHOTOGRAPHIC  RECORDS  -  In  addition  to  pre-test  and  post-test  photographic 
records  of  each  test,  color  motion  pictures  and  video  tape  recordings  were 
made  of  each  panel  exposure.  The  video  tape  unit  and  monitor  are  shown  in 
Figure  41.  The  motion  pictures  were  made  at  24  frames  per  second  from  a 
position  at  the  level  of  the  panel.  The  color  video  camera  was  located  in  as 
low  a  position  as  possible  and  as  close  to  the  panel  as  possible.  This 
position  was  chosen  so  as  to  provide  as  long  a  duration  of  visible  record 
before  obscuration  by  smoke.  The  cameras  were  totally  enclosed  in  insulated 
and  ventilated  boxes  to  protect  them  from  heat  damage  as  shown  in  Figure  39. 

CFS  TEST  CHECKLIST 


Prior  to  each  test,  the  following  checks  were  made: 

Weigh  panel,  use  small  platform  scale. 

Record  Test,  Material  type.  Specimen  No.  and  weight. 

Install  panel  on  frame  using  “C*  clamp  bars,  snug  fit  only.  Don't  crush  panel 
by  over -tightening. 

Check  distance  from  panel  face  to  front  of  quartz  lamps-  should  be  32". 

Check  zero  calibration  for  load  cell. 

Check  lamps  for  burn  out  and  replace  as  required. 

Call  for  fireman  30  minutes  prior  to  anticipated  test  time. 

Cock  ignitor  so  that  pilot  orifices  point  away  from  panel  and  attaching  nylon 
cord  to  array  so  that  it  is  exposed  to  tubes  for  quick  burn-through. 

Install  animal  subjects. 

Check  that  proper  thermocouple  is  in  each  cage. 

Photo.  Slate  test  run  on  16  mm.  and  tape  and  take  pre-test  photos  with  slate 
in  view. 

Inform  ignitron  operator  the  level  of  radiant  heat  flux  required  for  the 
specific  test,  i.e.,  4.41,  3.08  or  2.2  Btu/ft^  sec  15,  3.5  or  2.5  w/cm^). 
This  setting  will  have  been  determined  on  the  array  map  and  marked  on  the 
ignitron  control. 

Check  operation  of  ventilation  system  on  scrubber  and  blower. 

Check  to  assure  cooling  air  flow  to  cameras  and  load  cell. 

Check  that  the  following  are  ready  for  the  test  and  are  on  intercom: 

Photo 

Gas  Analysis 
Animal  Experiment 
Propane  valve  operator 
Computer  review  all  channels 
Ignition  operator  -  Arm  ignition 
Fireman  is  present 
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Light  all  propane  pilots  and  adjust  If  necessary. 
Check  that  chamber  Is  clear. 

Close  chamber. 

Final  Intercom  Check 


Photo 

Gas  Analysis 
Animal  Experiment 
Propane  valve  operator 
Computer 

Ignition  for  green  light 

Computer  room  will  take  control  of  test  and  announce  start  of  recording  as 
zero  start  recording. 


At  zero  time 

Photo:  Start  cameras  and  tape 

Animal  Experiment:  Start  recording 

Computer  room  will  count  each  scan  from  zero  to  10  on  the  intercom.  On  the 
tenth  scan  (20  seconds)  the  Ignitron  operator  will  bring  up  the  control  to  the 
preselected  power  setting  (heat  flux  level). 

The  test  director  will  view  the  test  from  the  viewing  port  to  note: 

1.  That  the  array  comes  on. 

If  it  does  not  come  on,  declare  Abort  test. 

2.  That  the  pilot  flames  remain  lit  and  that  they  rotate  into  position 
upon  burn- through  of  the  supporting  cord. 

3.  When  visibility  of  the  pilot  flames  is  lost  from  smoke,  he  will  ask 
the  propane  valve  operator  to  close  the  valve. 

4.  Look  for  and  note  any  unusual  occurrence. 

Total  radiant  heat  exposure  time  for  each  test  specimen  will  be  for  a  period 
of  300  seconds. 

Ignitron  shut-down  will  be  at  320  seconds  computer  time. 

At  260  seconds  the  computer  room  will  announce  1  minute  till  shut-down  of 
ignitron.  At  300  seconds  a  count  down  will  begin  with  Ignitron  shut-down 
declared  at  320  seconds. 

Recording  of  data  will  continue  for  15  additional  minutes  with  computer 
control  announcing  test  termination  at  1220  seconds. 
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FIGURE  43.  TEST  #3  OF  PANEL  #4  AFTER 


Post  Test 


Ventilation  will  remain  on  until  the  chamber  is  clear  of  smoke  and  Gas 
Analysis  confirms  that  a  safe  level  of  O2  and  CO2  exist. 

Open  chamber. 

Post-test  photos  of  panel  front  and  back  and  any  ash  on  floor. 

Remove  animal  subjects. 

Remove  ash  on  floor,  weigh,  and  record. 

Remove  panel,  weigh  and  record  weight,  including  any  residuals  that  drop  to 
floor  during  removal. 

Review  data  for  inoperative  transducers  and  replace  where  required. 

Inspect  and  clean  scrubber  filters  if  necessary.  The  cabin  Ap  should  give  a 
good  indication  of  their  condition. 

CFS  TESTING 


BASELINE  TEST  -  A  baseline  test  was  conducted  for  the  purpose  of  establishing 
the  thermal  levels  within  the  CFS  attributable  to  the  radiant  energy  from  the 
array.  For  this  test,  power  was  applied  to  the  array  for  a  period  of  600 
seconds.  Plots  of  the  data  were  made  after  this  test.  For  this  test  a  4  X  6 
foot  sheet  of  aluminum  was  exposed  to  the  array  mounted  on  the  weighing 
fixture. 

In  order  to  minimize  the  adverse  effects  of  thermal  stress,  the  aluminum  sheet 
dummy  panel  was  attached  with  three  bolts  at  the  top  edge  only.  As  expected 
upon  exposure  this  panel  warped  convex  toward  the  array  and  gradually 
flattened  out  as  the  temperature  became  more  uniform  throughout  its 
thickness.  The  pilot  flame  tube  mounted  vertically  in  front  of  the  panel 
warped  also.  In  the  first  two  panel  tests  where  the  vertical  tube  was  used, 
the  top  end  was  tied  to  the  array  with  steel  wire  to  avoid  any  possibility  of 
contact  with  the  panel  from  thermal  deflection.  The  weight  loss  experiment 
was  adversely  affected  by  the  thermal  environment,  showing  a  loss  of  36.3  lbs. 
at  power  off,  when  in  fact  a  zero  loss  should  have  been  indicated.  This 
required  insulating  the  load  cell  and  adapting  a  horizontal  pilot  flame  as 
described  later. 

The  response  of  the  photometers  was  affected  by  both  the  increase  in  visible 
light  emitted  from  the  array  and  the  temperature.  The  increase  in  cabin  light 
level  caused  an  initial  increase  to  over  100%  transmission.  A  thermal  effect 
was  noticeable  as  a  progressive  reduction  of  indicated  intensity  with  time  and 
increased  temperature.  This  effect  began  at  approximately  100  seconds  and 
continued  to  decrease  for  the  duration  of  the  test  recording.  The  error 
resulting  from  the  temperature  effect  is  the  most  objectionable  of  the  two. 
Fortunately,  its  effect  is  noticeable  only  after  sufficient  time  has 
transpired  to  allow  the  temperature  transfer  to  take  place.  In  the  material 
tests  the  maximum  reduction  in  light  transmission  occurs  within  the  first  100 
seconds. 

Concern  was  felt  as  to  the  advisability  of  a  10-minute  test  duration  for  the 
three  material  tests.  Inasmuch  as  several  failures  or  near  failures  of 
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Instrumentation  cabling  had  occurred  and  no  spare  cells  were  available  for  the 
photometers,  it  was  decided  to  limit  the  exposure  of  the  first  material  test 
to  five  minutes. 

PANEL  NO.  1  TESTS 

Three  tests  of  Panel  No.  1  were  made  using  a  4  x  6  ft  section  of  panel  exposed 
to  the  array  in  the  same  fashion  as  in  the  baseline  exposure  of  the  aluminum 
sheet.  Attachment  of  the  panel  to  the  mounting  frame  of  the  weighing  device 
was  made  with  14,  3/16  inch  screws.  As  the  three  tests  were  conducted  under 
similar  conditions  with  similar  results,  only  significant  common  events  or 
differences  in  results  or  test  protocol  will  be  discussed  in  any  detail. 

The  first  two  tests  were  characterized  by  a  period  of  deflaoration  which  began 
from  20  to  28  seconds  after  the  start  of  exposure.  This  deflagration  resulted 
in  a  pressure  pulse  reaching  a  peak  of  up  to  1.5  psi  at  about  40  seconds  from 
exposure  initiation.  Tests  1  and  2  were  quite  similar  in  this  regard  with  a 
steep  slope  to  the  leading  edge  of  the  pulse  and  a  maximum  rise  of  1.5*1 .6 
psi.  Test  3  and  all  subsequent  tests  used  a  horizontal  pilot  ignition  which 
exhibited  a  reduced  pressure  peak  pulse  with  a  very  moderate  initial  slope  and 
less  area  under  the  curve.  Deflagration  was  believed  to  result  from  the 
tremendous  quantities  of  combustible  gases  driven  from  the  panel  by  the  sudden 
heat  load  followed  by  ignition.  This  effluent,  initially  rich  in  halogens, 
may  have  extinguished  the  vertical  pilot  flames  in  Test  1  and  2  but  did  not 
affect  the  horizontal  burner  used  in  test  No.  3  (Figure  42).  The  visual 
record  of  the  initial  exposure  in  all  tests  was  recorded  both  on  film  and 
video.  These  records  showed  first,  a  splitting  and  shrinking  of  the 
decorative  laminate  followed  by  the  evolution  of  a  large  amount  of  white  vapor 
from  the  front  face.  The  transition  to  flaming  ignition  appeared  to  occur 
when  the  white  vapor  changed  to  black  smoke.  This  was  followed  very  rapidly 
by  gas  under  pressure  being  emitted  from  the  edges.  Upon  ignition  were 
produced  jets  of  flame.  Figure  43  is  typical  of  the  post  test  appearance  of 
the  panels  #4  and  #1. 

The  weight  and  weight  loss  recorded  by  physically  weighing  the  panel  before 
test  and  subtracting  the  residue  remaining  on  the  frame  and  that  which  had 
fallen  to  the  floor  are  shown  below. 


Test  1 

Test  2 

Test  : 

Initial  Weight,  Lbs. 

21.18 

21.53 

21.28 

Weight  Remaining  on  Frame 

12.38 

13.76 

12.89 

Weight  Removed  from  Floor 

1.14 

.71 

1.19 

Total  Consumed 

7.66 

7.06 

7.20 

The  dynamic  weighing  of  the  panel  during  the  burn  was  adversely  affected  by 

temperaturepaPS  noted  above.  For  test  No.  1  the  load  cell  was  wrapped  in 

fiberfrax  W  and  the  whole  unit  shielded  with  a  foil  box  and  a  flow  of 

cooling  air  was  introduced  into  the  bottom..  This  provided  enough  protection 
to  reduce  the  weight  loss  error  to  approximately  Z%  which,  unfortunately,  is 
not  sufficiently  accurate.  We  were  reluctant  to  attempt  additional  protective 
measures,  fearing  that  any  effort  of  this  nature  might  result  in  an  Increased 
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Computed  from  tabulated  data  by  use 
of  the  following  correction  factors: 


-IM. 


error  from  restraint  of  the  load  cell  movement.  In  the  belief  that  if  we 
could  relate  the  temperature  to  the  error,  corrective  action  could  be  taken; 
therefore,  a  thermocouple  was  affixed  to  the  load  cell  and  several  tests  were 
made  using  a  heat  gun  whi !e  recording  the  static  load  and  temperature  with  the 
computer.  From  this  data,  it  was  determined  that  effective  correction  could 
be  achieved  by  application  of  two  straight  line  correction  factors.  The 
application  of  these  factors  and  a  comparison  with  one  run  In  CHAS  are  shown 
in  Figure  44. 


Figures  45,  46,  and  47  show  plots  of  the  concentrations  of  HF,  HCl,  and  HCN  In 
Zone  13  gas  samples  taken  over  a  7-m1nute  time  span  in  the  CFS  tests.  The  HCl 
tests  for  Burn  No.  1  were  not  plotted,  since  it  was  discovered  that  the 
absorption  reagent  in  these  tanks  were  accidentally  contaminated  with  chloride 
as  shown  by  a  blank  determination  run  after  the  test  was  completed. 


The  "bubbler"  samples  for  HF,  HCl,  HCN  and  aliphatic  aldehydes  (as  HCHO)  were 
taken  in  two  standard  glass  impinger  bottles  connected  in  tandem  to  either  TFE 
or  stainless  steel  sampling  lines  leading  to  the  multiple  animal  test  point 
Uone  13)  and  the  CFS  exhaust.  Table  16  summarizes  the  results  obtained  for 
each  of  the  CFS  burns  of  Material  No.  1  and  gives  the  average  ppm  by  volumes 
of  each  gas  collected  over  a  5-minute  sampling  time. 

TABLE  16 


AVERAGE  PANEL  NO.  1  GAS  CONCENTRATIONS 
COLLECTED  IN  IMPINGERS  AT  TWO  LOCATIONS  FROM  THE  CFS 


CFS 

TEST 

NO. 

CFS 

SAMPLING 

LOCATION 

VOLUME 

OF  GAS 

SAMPLED 

(LITER) 

PPM  OF  GASES  RELEASED 

HCl 

HF 

HCN 

RCHO 

(Aldehydes) 

#1 

Zone  13 

10.8 

* 

6 

12 

5.8 

Exhaust 

5 

* 

** 

22 

3.9 

#2 

Zone  13 

10 

115 

12 

15 

4.2 

Exhaust 

5 

144 

3 

7 

5.4 

#3 

Zone  13 

6.2  &  10 

34 

4 

22 

4.3 

Exhaust 

5 

0 

2 

2 

0.7 

*  Chloride  ^n  blank  too  high  for  accurate  determination. 


i 

I 


**  Flouride  contamination  in  impinger  bottle. 
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H¥OROG:k  CtiLORlDE  CONCElirSATION  (ppm) 


;Nt  tis’  10  i  not  10  -  i 


TEMPERATURE  AT  CHI  POINT  (TMS,  TUS.  TLS)  HID  CABIN,  SOUTH  SIDE 


OPTICAL  TRANSMISSIONS  AT  CHI  LOCATION 


BASELINE  AT  EXHAUST  WAS  OFF  SET  3.6%.  THEREFORE  ALL  POINTS  OF  THIS  CUR 


FIGURE  52.  OXYGEN  DEPLETION  AT  CFS  EXHAUST  AND  AT  CHI  LOCATION 


FIGURE  53.  CFS  CABIN  DIFFERENTIAL  PRESSURE  PANEL  1,  4.41  Btu/ft  SEC 


DATA  PLOTS  -  The  POP-15  computer  data  acquisition  system  prepared  a  wealth  of 
data.  The  CHI  point  was  "MS"  (mid  level,  south)  in  POP  nomenclature. 
Figures  48  through  53  are  examples  of  temperature,  smoke,  CO,  CO2.  O2  at 
the  CHI  point  and  pressure  in  the  CFS  for  test  3  of  Panel  No.  1.  A  single 
plot  involves  five  pages  for  presentation  to  1320  seconds  but  are  shown  only 
to  a  significant  time  interval  to  save  report  space.  Plots  were  made  for  all 
real-time  measurements,  and  all  thermocouple  locations. 

ANIMAL  TESTING  -  During  the  baseline  test,  one  subject  was  placed  in  one  of 
the  wheels  in  Zone  13.  At  approximately  4  minutes  50  seconds,  a  temporary  Ti 
sensor  trace  of  15  seconds  duration  was  observed  on  the  strip  chart  recorder 
followed  by  an  apparent  recovery  and  vigorous  activity  until  7  minutes  8 
seconds  when  a  permanent  Ti  occurred.  Td  followed,  but  the  time  could  not  be 
determined  (the  subject  was  dead  by  the  time  the  CFS  chamber  was  opened).  The 
maximum  temperature  recorded  near  this  wheel  was  211^F  during  the  310 
seconds  the  radiant  array  was  energized.  No  material  was  burned  during  this 
test. 

Post  examination  of  the  strain  gage  sensors  revealed  softening  of  the  acrylic 
sensor  bar  support  beams  containing  the  strain  gages.  These  were  modified  by 
cementing  a  strip  of  spring  steel  to  the  upper  surfaces  of  the  beams. 

For  burn  test  No.  1,  six  rats  were  used  in  open,  Ti  split  cage,  wheel  units. 
Within  82  seconds  after  the  beginning  of  the  test,  all  six-wheel  sensor  records 
showed  no  activity  on  the  strip  chart.  Upon  opening  the  CFS,  it  was  found  that 
a11  six  rats  had  escaped  from  their  cages,  and  survived  at  the  exhaust  end  of 
the  CFS  or  under  shielding  at  locations  away  from  the  fire.  It  was  not 
possible  to  determine  which  rat  was  in  a  particular  cage.  However,  one  rat 
showed  evidence  of  external  burns  on  the  ears  and  eyes.  This  subject  also 
appeared  to  have  some  central  nervous  system  damage  as  evidenced  by  periodic 
jerking  movement.  One  other  subject  showed  a  severe  blister  on  the  cornea  of 
the  left  eye.  Both  subjects  survived  and  showed  normal  activity.  The  other 
subjects  were  unaffected  by  the  test  exposure  to  heat  and  gases. 

The  cages  were  reworked  and  the  test  procedure  for  the  second  burn  was 
essentially  the  same  as  for  the  first  burn,  except  that  the  four  animals 
placed  at  the  multiple  animal  test  point.  Zones  12  and  13,  and  the  two  placed 
in  Zone  16  near  the  exhaust  were  partially  insulated  with  3/4-inch  Fiberfrax 
on  two  surfaces  to  protect  the  subjects  from  direct  heat  without  greatly 
impeding  the  flow  of  gases  and  smoke. 

With  the  exception  of  one  subject  that  escaped  from  the  test  cage  to  the  cooler 
part  of  the  CFS,  all  others  ended  in  a  Td.  The  temperature  measurements  indi¬ 
cated  that  the  thermal  protection  provided  by  a  radiation  shield  (aluminum 
foil)  and  the  insulation  was  probably  inadequate. 

All  expired  subjects  sustained  etching  of  the  cornea  indicating  the  presence 
of  significant  concentrations  of  acid  gases. 

For  the  third  burn  test  one  animal  was  placed  inside  a  Ti  instrumented  wheel 
(cage)  housed  within  a  Fiberfrax  insulated  polycarbonate  (PC)  box  having  an 
internal  volume  of  1  cu.  ft.  Two  inlet  tubes  were  installed  with  deflector 
shields  to  aid  in  mixing  incoming  smoke  and  gases  with  the  atmosphere  in  the 


-114- 


box  by  means  of  an  electric  pump  closely  connected  to  the  box  opposite  from 
the  inlets.  The  pumping  rate  from  the  CFS  into  the  box  was  set  at  1.33  ft. 3/ 
min.  and  the  box,  with  its  test  subject,  was  placed  near  the  exhaust  point 
between  Zones  16  and  19.  This  was  found  to  protect  the  subject  from  excess 
temperature  for  the  full  period  of  the  burn;  the  maximum  temperature  recorded 
inside  was  115°F.  In  this  test,  the  radiant  array  was  turned  off  at  6  min¬ 
utes.  The  pump  connected  to  the  PC  box  was  turned  off  at  6  minutes  20  seconds 
when  it  was  noted  that  the  CO  monitor  at  the  exhaust  showed  the  CO  concentra¬ 
tion  was  beginning  to  decrease.  A  maximum  CO  level  of  1700  ppm  was  recorded, 
but  the  actual  concentration  Inside  the  PC  box  was  not  precisely  known. 
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APPENDIX  A 


This  Appendix  provides  drawings,  check  lists  and  computer  data  reduction 
details  for  the  CHAS/SATS  system.  The  following  details  are  Included: 

I.  DRAWINGS  OF  THE  MAJOR  MODIFICATIONS  OF  THE  HRR  CALORIMETER 


II.  CHAS/SATS  CHECK  LIST  PRIOR  TO  A  BURN  TEST 

III.  HP3052A  DATA  ACQUISITION  SYSTEM  INITIALIZATION 

IV.  HP9825A  PROGRAM  LISTING 

V.  CHAS  PARTS  LIST 

LIST  OF  ILLUSTRATIONS 

FIGURE  TITLE  PAGE 

1-1  SAMPLE  HOLDER  INJECTION  ASSEMBLY .  US 

1-2  DETAIL  DRAWING  OF  SAMPLE  HOLDER/MLT/INJECTION  ASSEMBLY . 120 

1-3  DETAIL  OF  SAMPLE  HOLDER/ INJECTION  ASSEMBLY  GUIDE .  121 

1-4  DETAIL  OF  SAMPLE  HOLDER/ INJECTION  ASSEMBLY  OUTER  SEAL 

PLATE .  122 

2  WIRING  DIAGRAM  OF  MASS- LOSS  TRANSDUCER  (MLT) .  123 

3  SAMPLE  HOLDER .  124 

4-1  HRR  HOLD  CHAMBER  EXTENSION  DUCT .  125 

4- 2  HRR  HOLD  CHAMBER  OUTER  DOOR . 126 

5- 1  HRR  RADIATION  DOORS .  127 

5-2  HRR  RADIATION  DOORS  AND  OPENING/CLOSING  MECHANISM .  128 

6  H2  FILTER  FOR  HCN  MONITOR .  129 

7  CHAS  DATA  ACQUISITION  AND  PROCESSING  SYSTEM .  135 

8  CHAS  DATA  PROCESSING  FLOW  DIAGRAM .  136 


II.  CHAS/SATS  TEST  RUN  CHECK  LIST 

1.  AIRFLOW  SET?  PILOT  LIGHT  LIGHTED? 

2.  HEAT  FLUX  CORRECT? 

3.  TC  ICE  REF.  FOR  SURFACE  TEMP.  ON? 

4.  TC  ICE  REF.  FOR  INLET  AIR  TEMP.  ON? 

5.  BRUSH  SOOT  OFF  OF  TP  JUNCTIONS  IN  STACK 

6.  TURN  ON  &  BALANCE  2-CHANNEL  GOULD  RECORDERS 

7.  TURN  MLT  POWER  ON.  (1.25  mv/lOOg.) 

8.  (3)  SMOKE  FILTERS  REPLACED? 

9.  BLOW  SOOT  OUT  OF  LINE  FROM  SATS  TO  STACK. 

10.  RECONNECT  SATS  TO  SAMPLING  LINE 
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FIGURE  A-1-1  SAMPLE  HOLDER/ INJECT  ION  ASSEMBLY 


FIGURE  A-1-2  DETAIL  DRAWING  OF  SAMPLE  HOLDER/MLT/INJECTION  ASSEMBLY 
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FIGURE  A-3  SAMPLE  HOLDER 


FIGURE  A-4-1  HRR  HOLD  CHAMBER  EXTENSION  DUCT 


FIGURE  A-4.2  HOLD  CHAMBER  OUTER  DOOR 


IGURE  A-5-1  HRR  RADIATION  DOORS 
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R  FOR  HCN  MONITOR 
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11.  REPLACE  GAS  SYRINGE  SAMPLING  PORT  SEPTUM. 

12.  SWITCH  O2  MONITOR  ON.  SET  ON  AIR  SAMPLING. 

13.  CK  O2  SAMPLING  LINE  ASCARITE/DRIER  FOR  DEPLETION. 

14.  ADJUST  AIR  FLOW  METER  VALVE  ON  COMBUSTION  GAS  MONITOR  TO  ("2“). 

15.  SWITCH  COMBUSTION  GAS  MONITOR  POWER  ON. 

16.  SET  ZERO  ON  CO  CO2  &  COMBUSTIBLE  GAS  MONITORS  W/GN2  FLOWING. 

17.  CHANGE  OVER  TO  SPAN  GAS  &  SET  METERS  (STEP  16)  (MONITORS) 

18.  TURN  SPAN  GAS  SUPPLY  OFF. 

19.  SWITCH  GAS  TRAIN  PUMP  ON  -  ADJUST  FLOW  TO  1  LITER/MIN. 

20.  HCN  MONITOR  ELECTROLYTE  SUPPLY,  DRIER  &  RECEIVER  FLASK  OK? 

21.  SWITCH  ELECTROLYTE  PUMP  &  AIR  SAMPLING  PUMP  ON. 

22.  ADJUST  AIRFLOW  10  1.0  LITER/MIN. 

23.  CK  DET.  CELL  ELECT.  DROP  RATE  (1  DROP/20  SEC.) 

24.  PLUG  IN  &  START  UP  NO/NO^^  MONITOR  MAIN  POWER,  VACUUM  PUMP  &  SAMPLE 
CONDITIONING  SYSTEM. 

25.  TURN  NO/NO^  POWER  SWITCH  ON  (FRONT  CONSOLE). 

26.  ADJUST  NO/NO^  DET.  DARK  CURRENT  TO  ZERO. 

27.  CK  "ZERO"  &  "FULL  SCALE"  KNOB  METER  RESPONSE  (NO/NO^^). 

28.  SWITCH  BACK  TO  EXPECTED  RANGE  (OR  2.5  ppm/FS)  &  SWITCH  0,  GENERATOR 

ON. 

29.  TURN  NO/SPAN  GAS  INTO  MONITOR  &  SET  10  TURN  POT  TO  GIVE  CORRECT  METER 
READING. 

30.  SWITCH  GAS  SAMPLING  BACK  TO  CHAS  (NO/NO^^  METER  SHOULD  RETURN  TO 
ZERO). 

31.  FILL  HCL/HF  &  ALDEHYDE  SAMPLING  SYRINGES. 

32.  PLACE  FILLED  SYRINGES  ON  CHAS  RACK. 

33.  LOAD  RAT  INTO  SATS. 

34.  CAGE  ROTATION  OK/  ELECTRONICS  OK? 

35.  CK  CONNECTION  OF  SAMPLING  LINE  FROM  SATS  TO  FILTERS. 

36.  SWITCH  O2  MONITOR  OVER  TO  CHAS. 

37.  SET  MLT  &  HRR  RECORDER  BASELINES  (CHART  SPEED  150  cm/Hr). 

38  PLACE  TOP  ON  SATS  CHAMBER;  CLAMP  IN  PLACE. 

39  ventilate  SATS  W/PUMP  ON  AT  14  to  16  /MIN. 

40.  START  CAGE  ROTATION. 

41.  ZERO  THE  ELECTRONIC  TIMERS. 

42.  CK  SMOKE  METER  SETTINGS  ("0"  O.D.  >  621.5  mv;  0.4  0.0.  >  763.5  nv). 
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43.  TAKE  BASELINES  *  SWITCH  AIR  OVER  TO  MLT. 

44.  START  DATA  ACQUISITION  {HP3052A)  AS  SAMPLE  IS  INJECTED  &  ACTIVATE 
ELECTRONIC  TIMERS. 

NOTE;  ABOVE  CK-LIST  ASSUMES  HEATED  LINES  &  SMOKE  FILTER  ARE  PREHEATED  TO 
248°F  (120°C). 

*  AIR  SWITCH-OVER  NOT  APPLICABLE  IF  MLT  NOT  USED. 

III.  STARTUP  USER  INSTRUCTION  FOR  HP  3052A 

The  following  Operational  procedure  is  for  initial  system  turn  on.  The 
instructions  are  also  valid  at  all  times. 

1.  Place  Disk  containing  CHAS/MATS  program  into  9855M  Drive  and  place 
the  special  function  Key  (S.F.  Key)  overlay  on  9825A  (or  9825B). 

2.  Key  in  and  execute  "get"  "START" 

3.  Press  "RUN" 

4.  When  "Index  print  out?"  is  displayed: 
a)  If  Index  is  needed: 

1)  Press  "YES"  From  S.F.  key 

2)  The  Index  for  CHAS/MATS  program  will  be  printed 
b)  If  Index  is  not  needed: 

1)  Press  "NO"  from  S.F.  Key 

5.  When  "CHOOSE  PROGRAM  FROM  S.F.  KEY"  is  displayed: 
a)  Press  desired  program  on  the  S.F.  Key 
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DATA  ACQUISITION  USER  INSTRUCTIONS 

1.  The  Program  will  ask  a  series  of  questions:  enter  all  the  answers  promptly. 

2.  When  ”mv  readings  check,  Cont."  Is  displayed:  press:  "CONTINUE*  and 
check  the  print  out. 

3.  When  "Adjust  Smoke  mv  output"  Is  displayed:  Adjust  the  smoke  meter  to 
specification  with  unblocked  light  beam.  The  mv  reading  can  be  checked  on 
digital  voltmeter.  Alternately  place  the  0.4  0.0.  neutral  density  filter 
(or  other  density  value  filter)  In  the  light  beam  and  adjust  readings  as 
called  for  to  match  smoke  detector  calibration  curve. 

4.  When  "Remove  Filter,  Cont."  Is  displayed:  Remove  the  selected  neutral 
density  smoke  filter  from  the  light  path. 

5.  When  "Baselines,  Cont."  is  displayed:  press  "CONTINUE",  at  1  minute  after 
placing  the  Sample  and  Sample  Injection  assembly  Into  the  HRR  hold  chamber. 

6.  When  "Start  data,  Cont."  is  displayed:  press  "CONTINUE",  at  the  same  time 
the  sample  is  Injected  into  the  HRR  Chamber. 

7.  When  "Process?"  is  displayed  (after  10  minutes): 

a)  If  data  processing  Is  desired: 
press  "YES"  on  the  S.F.  key 
Go  to  step  8 

b)  If  data  processing  is  not  desired: 
press  "NO"  on  the  S.  F.  key 

Go  to  9 

8.  When  "CHOOSE  PROGRAM  FROM  S.F.  KEY"  Is  displayed: 

a)  Press  desired  program  on  the  S.F.  KEY 

b)  Go  To  appropriate  user  instructions 

9.  When  "SEE  YOU  NEXT  TIME",  is  displayed: 

This  is  the  end  of  the  program 

GENERAL  USER  INSTRUCTIONS 


DESCRIPTION  -  The  following  operational  procedure  can  be  applied  to  several 
data  processing  programs  (there  Is  very  little  differences  In  each 
procedure).  These  programs  Include: 

1.  Mass  remaining  &  Loss 

2.  Smoke  Release  Rate 

3.  Heat  Release  Rate 
(1)  by  Thermocouple 


-132- 


(ii)  by  Oxygen  Consumption 

4.  CO  Release  Rate 

5.  CO2  Release  Rate 

6.  HCN  Release  Rate 

7.  O2  Release  Rate 

8.  CH^  Release  Rate 

9.  Sample  Temperature 

10.  NOx  Release  Rate 

1 1 .  HCL  Release  Rate 

12.  HF  Release  Rate 

13.  RCHO  Release  Rate 

USER  INSTRUCTIONS  -  The  following  instructions  are  followed  when  data  has  been 
acquired  and  processing  is  desired.  Figures  A-7  and  A-8  show  diagrams  of  the 
HP9825A  Data  Acquisition/Processing  System. 

1.  When  "#  of  run  in  disk  (1,2,...)?"  is  displayed: 

a)  Type  in  "1"  or  "2"  or.... 

b)  press  "CONTINUE" 

2.  For  Heat  Release  Rate  by  oxygen  consumption  Method  GO  to  Step  9 
FOR  HCl,  HF  or  RCHO  Release  Rate,  go  to  Step  10 

3.  When  "has  this  been  plotted  before?"  is  displayed: 

a)  If  this  data  has  been  plotted  before,  press  "YES"  on  S.F.  KEY 

If  this  data  has  not  been  plotted  before,  press  "NO"  on  S.F.  KEY 

b)  Press  "CONTINUE" 

4.  When  "Have  your  plotter  ready?  Cont"  is  displayed: 

a)  Check  plotter,  pen  and  paper.  Have  it  ready  for  plotting 

b)  Press  "CONTINUE" 

5.  FOR  Mass  remaining  &  Mass  loss  rate  go  to  Step  12 

6.  When  "Another  Run?"  is  displayed 
a)  If  additional  run  is  desired: 

(I)  press  "YES"  on  S.F.  Key 

(II)  go  to  step  7 
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b)  If  no  more  runs  are  desired: 


press  "NO"  on  S.F.  key 
go  to  Step  8 

7.  When  "CHOOSE  PROGRAMS  FROM  S.F.  KEY"  is  displayed: 

a)  Press  the  desired  program  on  the  S.F.  KEY. 

b)  Go  to  the  appropriate  user  instructions. 

8.  When  "SEE  YOU  NEXT  TIME"  is  displayed: 

a)  If  an  additional  run  is  desired  at  this  time  go  to  Step  7(a}. 

b)  If  no  more  runs  are  desired.  This  is  the  end  of  program. 


9.  When  "Do  you  have  following  file"  is  displayed: 

a)  "HF"  will  be  displayed,  after  about  half  second 

If  HF  data  is  collected  in  this  run.  press  "YES"  on  S.F.  KEY 
If  HF  data  is  not  collected  in  this  run.  press  "NO"  on  S.F.  KEY 

b)  HCl  and  RCHO  will  be  displayed  following  HF.  Use  the  same  procedure 
as  for  HF. 

c)  Go  To  Step  3 

JO.  When  "has  this  been  plotted  before?"  is  displayed: 

a)  If  data  (X  =  HCl,  or  HF  or  RCHO)  has  been  plotted  before,  press 
"YES"  on  S.F.  Key 

o)  If  X  data  has  not  been  plotted  before,  press  "NO"  on  S.F.  key 
When  "Sequence"  is  displayed: 

Type  in  Which  "Sequence"  is  used  in  collecting  this  Sample  data. 

When  "Time  (SEC)?"  is  displayed: 

Type  in  Time  (sec) 

press  "CONTINUE" 

repeat  until  all  finish  sequences  are  finished. 

When  "Sample  amount?  (mg/ml)"  is  displayed: 

Type  in  How  many  "(mg  sample  ion  in  1  ml  of  Gas  Sample" 

was  determined  by  analysis. 

Press  "Continue" 

Repeat  until  all  sequences  are  finished. 
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FIGURE  A-7  CHAS  DATA  ACQUISITION  AND  PROCESSING  SYSTEM 


]1.  When  "MAX  Y-SCALE"  appears 

a)  Type  in  the  Max.  Y-Scale  value  (ppm  or  3t). 

b)  press  "CONTINUE" 

c)  Go  to  step  4 

12.  When  "Need  plot  for  mass  loss?  is  displayed: 

a)  If  plot  is  to  be  made,  press  "YES"  on  S.F.  Key 

If  plot  is  not  to  be  made,  press  "NO"  on  S.F.  Key 

b)  Go  to  Step  3 
DATA  TRANSFER 

USER  INSTRUCTIONS  -  The  following  procedure  transfers  data  from  the  Disk  to 
IBM  magnetic  tape. 

1.  When  "LOAD  MAGNETIC  REEL  TAPE,  Cont."  is  displayed 

a.  LOAD  MAGNETIC  REEL  TAPE 

b.  press  "CONTINUE" 

2.  When  "#  OF  RUN  IN  THIS  DISK?"  is  displayed 

a.  Type  in  "1"  or  "2"  or  -  -  - 

b.  press  "CONTINUE" 

3.  When  "Do  you  have  the  following  files?"  is  displayed 

a.  When  "NOx"  is  displayed 

if  "NOx"  data  has  been  collected  press  "YES" 
if  "NOx"  data  has  not  been  collected  press  "NO" 

b.  "NO",  "NO2",  "HF",  "HCL"  AND  "RCHO"  will  follow  "NOx" 

Use  the  same  key  operations  as  for  "NOX" 

4.  When  "Need  Read  &  Printing?"  appears 

a.  If  Read  &  Printing  is  desired,  press  "YES"  on  S.F.  key 
When  "IBM  TAPE"  is  displayed 
Type  in  IBM  TAPE  #,  such  as  "965552130" 
when  "DATE"  is  displayed 
Type  in  date,  such  as  "8/10/81" 
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When  "Any  Note"  appears 


Type  in  any  remark  you  want  to  put  in. 

Such  as  “NO  HF,  Hcl  &  RCHO  is  been  collected" 

b.  If  Read  &  Printing  is  not  desired: 

Press  "NO"  no  S.F.  key 

When  "THAT'S  ALL  FOR  CHAS/MATSI" 

This  is  the  end  of  the  program. 


IV.  HP9825A  DATA  PROCESSING  AND  DATA  ACQUISITION  AND  PROGRAM  LIST 
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2  MASS  ‘;prt  ‘  REMAINING  *' 

9t 

prt  ' 

MASS  LOSS' iprt  '  RATE'»apc 

10 

1  pr  t 

■  3 

HEAT  R.  RATE* tape 

li 

1  pr  t 

'  4 

CO  R.  RATE' 1 spc 

12 

pr  1 

■  5 

C02  R.  RATE', spc 

13 

t  pr  t 

’  6 

HCH  R.  RATE' 5 spc 

14 

!  prt 

•  7 

02  D.  RATE', ape 

15 

:  pr  t 

*  8 

TOTAL  'iprt  '  HYDROCARBON* 

16 

s  pr  t 

•  9 

SAMPLE*, prt  '  TEMPERATURE* 

17 

1  pr‘. 

■  10 

NO*  or  HO' 

18 

1  pr  t 

n 

R.  RATE'; spc 

19 

1  pr  t 

•  11 

HCL  R.  RATE', spc 

2P 

1  pr  t 

•  12 

HF  R.  RATE ', spc 

21 

:  pr  t 

*  13 

RCHO  R.  RATE* I  ape 

22 

<  prt 

*  14 

SPECIAL  F.'jprt  •  KEY', spc 

23 

1  pr  t 

'  15 

START' , ape 

•  24 

'  fTt 

'  16 

Hg  AD J. ' I spc 

•  25 

s  pr  t 

'  17 

DATA  • 

26 

1  prt 

• 

TRANSFER' 

27 

;  spc 

jprt 

•e***«*EN0r««»a’4«*  tape  2 

28 

1  dsp 

•CHOOSE  PROGRAM  FROM  S.F.KEV* 

29 

1  a  tp 

igto 

-1 

30 

1  dap 

•SEE 

YOU  NEXT  TIME'istp 

Oi  *10  CH  Data  Acq  'i 

li  dap  "ChecK  avl  record  (>»200)>  cont...’|stp 
2i  ent  *ls  <Pvl  Pcrds  )'>*200  ??  yes  or  po*,A 
3i  If  A'Oidap  'Not  enough  rcrda, Change  new  disk ’ M ■ ! * istp 
fi  di*  Htfl5,15],M$tl5],Z(101,T»ll0,10J,U»tl2] 

5i  dim  AC15J,A$[8],Bft20),E$t6J,F»(61,M,H 

6i  fnt  iSbiWrt  16, 31 , 31 ,31 ,31 ,31 .3; , 31 , 31 . 31 , 31 ,31 ,31 .31 ,31 . 31 .31 < spe 
7i  fmt 

Si  prt  *10  CH  Data  Acq  5-29-30* 

9-  wrt  703,*PfiS* 

lOi  fmt  2,f22.Q;f«it  3,f9.6 

lit  rem  722iclr  722iwrt  722. 3, •F1»7T2T3M1A0H0* 

12i  wrt  722.3,'EY* ,.001,*SVE2*,0,*SZ' 

13!  etip  'Run  /?* , A( 10 1 lenp  ‘Semple  Name?* ,Bt lenp  •Date?*,A$ 

Ml  enp  *Olst  Number '>*.  A' 1 1 1 
15i  enp  ‘run/  in  Disc^'.Mt 
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16i 

I'r 

13 

19 

g9 

21 

22 

23 

24 

•  25 
26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

•  51 

•  52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 
69 


cnp  *  Length  of  Test  Ti«e ,  (m1  fi>?*  ,N 

enp  ‘Oate  interval,  sec?*  ,Mi60/lt>M 

enp  'Air  riov.cfst***  .At41  iA(4]«.304e*3>At41 

enp  "Air  tempCC) ?* . At 3] i 273. 1 *61 31' AI3 J 

enp  'Sawp  area  ,  in*2'>*  .Ar2}  |Ar2]«.  02S4*2>AI2] 

enp  'Used  HO  or  H0*‘>7*,E« 

enp  *Range(ppm}Uscd  in  NO  or  NOx??*,rt 

enp  'Haat  CM/cin*2)?*  ,AC1 1 

enp  *Inlt.  mass  (9m)‘>*,Al71 

enp  ‘dMV/lOOgm, zeroed* ,6181 

If  MN>0il>1|lf  MN>600{2>T  Ilf  MNM200 13>  I  iif  MN>1800  lA)  {  .  if  MN>2400|S>I 
If  MN>3000|e>I ilf  NN>360ai7}| 

IlQidlm  Ct(10,2NH] 

•**DATl*>T»tll 
M$}T«tl,l.len(Mtll 
open  Tttll ,200>0 
esgn  Tt 1 1 1 , 1 , 0 

dsp  *mV  Readings  Check . Cont .* i stp 
for  !•!  to  lOiOlZtllincxt  I 

for  J-1  to  lOiwrt  709.2,1 ivrt  722.3,*R2*|tr9  722|rcd  722, P 

p*2[ii>zm 

for  1-2  to  lOiwrt  709.2,1 iwrt  722.3, •R7* | Irg  722tred  722, P 

P«Z:  n>Zt  I  linext  Imext  J 

for  1-1  to  lOiZCri/lOlZIIlincxt  1 

spe  |fmt  x  , 'CH.  *  ,6x  ,  *HiV*  I  wrt  16tf<xt  ispc 

fmt  ,*SM0ICE*  ,3x,f8.3ivrt  16.Ztl] 

fmt  ,*MASS  •,3x,fP.3jwrt  16,2121 

fmt  ,*HEAT  * .3x.f8.3jvrt  16,2(31 

fat  ,*CO  •,3x,f8.3ivrt  16,2(41 

fmt  ,*C02  •.3x,f3.3ji»rt  16,2(57 

fmt  ,*HCN  *,3x,f3.3iwrt  16,2(61 

fmt  ,*02  *,3x.f8.3,wrt  16,2(71 

»mt  .'HC  •,3x.f8.3ivrt  16,2(8) 

fmt  ,*TEMP  * ,3x,f3.3iwrt  16,2(9) 

fmt  ,*N0  ',5x,f8.3iwrt  16,Z(101|Spc  jfmt 

spe  iprt  *Smokc  Correct  ReadlngsShewld  Be* 

spe  iprt  *.4  0D-763.S  mV*iprt  *  0  00-621.5  mV*|spe 

d';  'Adjust  Smoke  mV  Output* 

wrt  709, *01* ivrt  722, *R2T1 * ;stp 

dsp  'Remove  Fl Iter , Cont * jstp 

wrt  722, *T2T3* jdsp  'Basel Incs , Cont .* | stp 

for  I-l  to  10i0>Z( 1 1 inext  1 

for  J-1  to  2S|wrt  709.2,ltwrt  722.3, *R2* i trg  722|rcd  722, P 
P*Z(1)>Z(1) 

for  1-2  to  lOiwrt  709.2,1 iwrt  722.3, •P7* itrg  722ired  722, P 

P*Z(l)>Z(l)ir:ext  Iinext  J 

for  I-l  to  10iZ(I)/25>Z(l)inext  I 

sfg  14 

60/M>A 

dsp  'Start  data ,C3nt * i stp 
wrt  708,  *•?■•, 0)S 
for  K-1  to  MHiS-«>S 

wrt  ?09.2,liwrt  722.3. *R2* itrg  722|rcd  722, Pill 
wrt  722.3,*R7* 
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70i  for  1-2  to  lOjwrt  709.2,1 

71i  trs  722ired  722,Prnincxt  ItO>I 

72 1  sprt  l.Pm  .Pt21  Pt31,Pl4?,PI51,P161,PI7]  ,Pt8]  ,P(9)  .Pt  10]  ,  'end* 

73i  Moop’ired  708, U1 

74.  v4lCUt(9.t01)»60*valfU«ril,12]))U|lf  S-MN;j«p  2 
75«  If  S>Uigto  “loop* 

76>  next  K 

77:  fmt  ‘Test  T ime- • , f 4 . 0 i wr t  16, U 

781  ■xxl9mk*}N«ClIi'xx2ma9*>Ntf21i*xx3hf}N>C3] 

79,  •xx4co*>N$r4] , •xx5co2'}N»t51,'xx6h«n*>N»t6)i*xx7o2*>N«r71 

80,  •xx8hc*>N*(81 i 'xxgtem' >Ntt9) , VKlOno* >Ht 1 1 0 1 i * xxx i nf * >N0 t 1 1 ) 

81:  for  1-1  to  lltM$)N<ri,l,lenCH«)],next  I 

82)  drive  0 

83i  0990  Tt 1 1 ] , 1 , 0 

84,  128*32>C|fiiit  4b.*  1 '•  Working  •,x,4b,wrt  0,C,C,C,C,C,C,C,C 

85,  for  K-1  to  tINtoread  1 ,P[ 1 1 ,PI21 ,PI3] ,Pt 41 ,Pt5] .PC61 ,PI71 ,P[81 ,P[9 J ,P[ 10 1 

86,  for  Y-1  to  10 

87,  if  Y#t,fti  (fPtYl»9)».l*10000)>C4lY,2IC-l,2IC] 

88,  If  Y-l,ftj  <CPfVl*200)*.l»10000J>C*tV,2K-l,2Kl 

89,  next  Yinext  K 

90,  •xxOATl*}T«fll|Mt>T*tl,l,lenfM»)l,kill  T«tl) 

91 1  for  1-1  to  10, open  Nil  I ] ,Ga6tnext  I, open  N$tll),2 

92,  for  J*l  to  10 

93ia93nNt(J),3,0 

94:  9prt  3.Zt«],C«tJl,*end* 

95,  next  J 

96,  9pc  ifat  X  , 'CH.  *  ,3x , ‘Basel  ine*  ,wr  t  16, fiat  ,9pc 

97,  fmt  ,  •l.SM0KE‘,x,f8.3,'-rt  16,2(11 

98,  firt  .‘2. MASS  ‘  , x  ,f8.  3,*»r  t  16,2t2J 

99,  fm*.  .‘3. HEAT  •,x,f8.3,wrt  16,2(31 

100:  fmt  ,‘4. CO  • ,x,f8.3swrt  16,2(41 

131,  fmt  ,*5.C02  *,x,f8.3,wrt  16,2(51 

102,  fmt  ,‘6.HCN  •,x,f8.3(wrt  16,2(61 

103,  fmt  ,‘7.02  ■,x,f8.3,wrt  16,2(71 

104,  fmt  ,*8.HC  ■,x,f8.3,wrt  16.2(81 

105,  fmt  ,‘9. TEMP  ‘.x.fS.Siwrt  16,2(91 

106,  fmt  ,‘10. NO  ■,x,f8.3,wrt  16.Z(10)|9pc  ,fmt 

107:  eagn  N«(ll],3,0 

108,  9prt  3,A(«1 ,A*,Bt,E$,r$,M,N,H*(151,M»,‘end‘ 

109,  OlXtent  ‘  PROCESS??* , X , 1 f  fl9l3,sto  *4 

110,  d9p  ’CHOOSE  PROGRAM  FROM  S.F.KEV* 

111,  9tp  ,gto  -1 

112,  fmt  16b, wrt  16 ,31 ,31 ,31 , 31 ,31 ,31 .31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 ,»pc 

113,  d9p  ‘SEE  YOU  NEXT  TlME*,stp 
■20300 
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#0i  'Ma^s  Rematning  4  Naas  Loss  Rate*’ 

I I  (lag 

2i  fmt  16b)»rt  16 .31  , 3)  .  31  , 1  . 31  .31  .31  .31  31  , 31 ,31  .31  ,31  . 31  .31  . 31 1  ape 
3i  prt  ‘Naaa  Remaining  4  Naaa  Lass  Rat**t9pc  2 

4i  <iap  ‘Mass  Remaining  4  Mass  Loss  Rate'imait  300 

Si  dim  A[lSl,At[9],B«l201.e4C6].rir61.N.N.NtI15,10I.N«C2] 

6i  dim  W«(12,12] 

7i  enp  ••  of  run  in  dialrCl  .2. .  >?*.M*ril 
8i  OlWient  *Haa  this  been  plotted  before?*. U 
9i  dap  'Have  your  plotter  ready!  Cent.*istp 
lOi  ■xxxinf  >M«(2] 

III  W«Cn>U4(2,l.lenCU«(l)}l 
12 1  drive  0 

13i  aagn  Mt(2],1.0 

14i  sread  1 . At «1 . At .Bt ,Ct .Ft .n,H.N4I 101 .Kt 
15i  fxd  Oiprt  *Run#** .AllOl ,6t .Attape 

t6i  dap  *... WORK  INC  ON  MASS  REMAINING. ..* jgab  *CACL  I* 

17f  gat  •PLOT  I* 

18i  dap  '...MORKINC  ON  NASS  LOSS  RATE...*t9ab  *CACL  It* 

19i  ent  'NEED  PLOT  FOR  HASS  L0SS?*,Atif  flglSigto  «2 
20i  gab  ‘PLOT  II* 

21i  ent  •ANOTHER  RUN?*.X|if  flglSigto  *3 
22i  dap  •CHOOSE  PROGRAM  FROM  S.F.KEV 
23i  atp  tgto  -1 

24.  fmt  IGbiwrt  16,31 .31 ,31 , 31 ,31 ,31 .31 ,31 ,31 .31.31 ,31 ,31 ,31 .31 ,31 »apc 

25.  dap  •SEE  YOU  NEXT  TINE^istp 
•  26i  'CACL  I*idim  ZriO],V«(2MNl 

27i  dim  HIMNI.SCMNl 
28t  ■xx2iMS*>kl«I3] 

28.  WtllI>Wtt3,l,Ien(Wt(im 
30i  aagn  I4tt3],2.0 
31>  aread  2,2(al,V$ 

32i  for  1*1  to  MN}<itf(Vt(2I-l,2n)/10000)*10--9-ZI2J>MCi1|nazt  I 
33 1  J  «p  2 

•34i  •MLU  DRIFT  DATA  HERE^i 

35.  for  J-i  to  20|fer  !•!  to  NN-2 } TMI I J*NI I* 1 1 *NI I *217/3>SI 1*1 I i next  1 

36.  for  I>2  to  MN-2iS[I*l]>M(I«l])next  I 
37 1  next  J 

38.  for  I>1  to  MN|M[I]«100/AC81>Sintn«xt  I 

39.  iF  At?]*iaoa. 0254*2  and  Atll-a.Sigab  *2.5* 

40i  if  At2]-100«. 0254-2  and  Atll'S.S.gab  •3.5" 

41.  if  A[2>100a.  0254*2  and  A(lJ-5>gsb  ‘S.O^ 

42i  if  AC21-100«. 0254*2  and  ACll-7igab  *7.0* 

43.  if  At21-36«. 0254*2  and  A(11-2.5tgab  *52.5* 

44.  if  AI27>3ea. 0254*2  and  Atll-3.5igab  *83.5* 

45.  if  A[2)-36a. 0254*2  and  Alll-Sigab  *55.0* 

46.  'AdJ.  Max.  Ml • . 

47.  for  I-l  to  SiOlSCIlmext  I 

48.  max<:S[al)-AI7nM|for  I-l  to  MNiSC  I  2-M>Sr  M  meat  I 

49.  •StIl-8»CI'.Ar71>SIlJ 

50.  CSI10J-Sri3)/9>Ci(10SIl  J-Stl0n/9>B 

51.  for  I-l  to  10;B*CI}SII1inext  I 

52.  if  U-ltgto  *7 
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53i  for  1*1  to  r<N,if  6(n<-6|-S.999>Stll 
54i  ft»  (fSn l«I0000>>VtC2I-l .21 J jnext  I 
55 1  "  *  Ksmaa  "  |Utt  1  1)  Wt  f  4 , 1 , 1  eniWt  f  1 1  >  J 

56 ■  open  Ut( 4 ) ,6 
57»  a^gn  Ut(4],3,C 

58i  aprt  3,V«,*end* 

59.  prt  •MAXCINITJALI  MAS' jape 

60i  fut  f6.2.x. 'OM'iwrt  le.AlTliapc  ,ret 

61.  'PLOT  I'.At7)>Z 

621  if  Z<S000iS0C0}A! If  Z<2000 |2000>A t if  Z<1 000 t 1000>A | i f  Z<500|S00}4 

63.  if  2<200»200>A-.if  Z<100  1 100>A|  If  Z<SO|50>A.if  Z<20i20>A 

64.  9cl  -12N,65M,-.2A,1.05A 

65.  axe  0,0,60,.1A 
6€i.  C9i2  1.5, 1.5, 1,0 

67.  for  1*0  to  eSN  by  60 

68.  pit  l-N,-.05A,-ljfxd  Ojlbl  l/6o 

69.  next  1 

70.  C912  1.5,1.5,1,90 

71.  pit  - 1  ON, . ZA, - 1 s Ibl  'Mass  Remaining  {grama)* 

72.  caiz  1.5, 1.5, 1,0 

73.  for  I>0  to  A  by  A/lOjfxd  0 

74.  pit  -7H.l,-lslbl  1 

75.  next  I 

76.  pit  25N.-.09A,-l>lbl  •Time  fmin)* 

77.  for  1-2  to  MH-2 

78.  pit  601/M, Sm, -2 
■’9.  next  I  j pen 

80.  caiz  2. 5,2, 1,0 

81.  pit  8H , - . 16A , - 1 1 1 bl  "fls-  Maas  remaining  * 

82:  fxd  Ofplt  40N,A.-ljlbl  'Run  #',A110) 

83;  caiz  1.5, 1.5, 1,0 

84.  pit  40N,.95A,-ljlbl  94 

85;  pit  40N,.85A,-ljlbl  'INITIAL  MASS' 

96.  pit  40N , . 8A , - 1 1 f xd  Zjlbl  A[7J,'  grama* 

87.  pit  40N,,7A,-l»lbl  TINAL  MASS* 

88.  pit  40N,.65A,-l|lbI  SrMN'2J,'  grama* 

89.  pit  40M, .55A,-1 j ibl  'HEAT  FLUX* 

90.  fxd  l,plt  40H, .SA,-1 I Ibl  Atll.*  W/CM* 

91.  pit  40H,.4A,-l|lbl  'SAMPLE  AREA* 

92.  fxd  Sjplt  40N,.35A,-l|lbl  At21,*  M' 

93.  caiz  1,1.5,8.5/11,0 

94.  pit  S2.8ll,.51A,-l|lbl  '2*iplt  54N, . 36A , -1 j Ibl  'Z'sret 
#95;  'CACL  1 1*1 

96.  for  I-l  to  MH-1 

97.  (Sin-S(I*ll)/At2J/<60/M)>Sin,next  I 

98.  StMN-1  nSlMNl 

99.  If  U-ligto  *7 

100;  for  I-l  to  MN|if  S f 11 < -6 i -5.999>SI 11 

101.  ftl  ((SCn*6}*.l»10000)>V$(2I-1.211|next  I 

102.  'xxhmaa'lUtCSl tKtll llMt (5,1, lenCWfl 11)1 

103.  open  144(51,6 
104:  aagn  Wtl*’- 1,4,0 

105.  aprt  4,V4,'end' 

106.  OlZffor  I-l  to  MN)lf  StlDZiSdllZ 
t07r  next  I 

108,  prt  'MAX  RATE'japc 
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lOSi  fmt  f7.2,x,*G/MlN/n2'i«rt  16,Zi«»<c  irct 
llOi  'PLOT  n*. 

nil  if  Z<SOOO|SOOO>P|if  Z<2000|2000)Atif  Z<iOOO|tOCO>A»lf  Z<500tS0O>A 

112i  if  Z<'200,200>Atlf  2<100;100VA 

113i  scl  -12N,65N.-.2A.1.05A 

114t  axe  0.0,60, .lA 

Its  I  C9l2  1.5, 1.5, 1,0 

116i  for  I’O  to  eSH  hy  60 

117i  pit  I-N,-. 05A,-ltfxd  Oilbl  I/60|next  I 
118i  de9 

119i  csir  1.5,1.5,1,90 

120!  pit  -10H,.2A.-1 1 Ibl  ’MASS  LOSS  RATE  fO/MlH/M  )• 

121i  C9i*  1,1.5,3.5/11 ,90iolt  -10.6N..6eSA.*l|lbl 

122t  C91Z  1.5, 1.5, 1,0 

123i  for  I«0  to  A  by  A/lOjfxd  1 

I24i  pit  -7N,l,-lilbl  Imext  I 

125«  for  1-2  to  MN-2,plt  60. /M.SC 11 ,-2inaxt  I 

126 1  pen 

127i  csiz  2. 5. 2, 1,0 

128i  pit  8N,-.16A.-l,Ibl  Vis.  MASS  LOSS  RATE  • 

129:  fxd  Oiplt  40N,A,-l|lbl  ‘RUN  /‘.AllOl 

130 1  C9iz  1.5, 1.5. 1,0 

13^1  pit  40N,.9SA,-l|lbl  Bt 

132i  pit  40N,.85A.-! jlbl  ‘INITIAL  HASS* 

133:  pit  40N,.8A,-l,fxd  2|lbl  AI7J,‘  grmma* 

134i  pit  40N,.7A.-l|lbl  ‘MAX  MASS  LOSS* 

135i  pit  *»0N,.65A,-l{lbl  Z,*  g/jiin/ia  * 

136i  C9i2  1,1. 5. 8.5/11, Siiplt  N, .015A,-1| Jbl  *2*»pcniesls  1.5.1. 5,0,0 
137i  pit  40N..55A,-lf Ibl  ‘HEAT  FLUX* 

I38i  fxd  Ijpit  40N..5A,-lilbl  Alii,*  w/cie* 

139i  fxd  5(plt  40N,.4A,-l,:bl  ‘SAMPLE  AREA* 

I40i  fxd  5iplt  40fl,.35A,-l|ibl  At2J,*  »* 

141.  .91*  l,1.5.8.5/ll,0jplt  52.8N,.51A,-l)lbl  *2* 

142,  pit  54N,.36A,-l,lbl  •2‘iret 
•143,  •2.5*. 

•  144,  *U9ed  Purt/12381  A9  Baseline  Correction  for  2.5w/c»*2*, 

•145,  -.62384591 >A 0490861 132>B, -. 00031272304TC 

•146,  8.8249508e-7>D,-l .05374061e-9}E|4.3786104c-13>r 
147,  for  I-l  to  MN,Sin-(A*BI*CI*2*0I‘‘3*EI»4*FI“5>>Sri  Jiaext  Iiret 
•148,  ‘3.5‘,for  1-1  to  MH 

•  149,  Sri  1-  ( .  01350293*  .  0014524071  *.  000A127754I‘‘27  )S(  1 1 1  next  I  iret 
•150.  *5.0*, 

•151,  *U9ed  Pun412681  Aa  Baseline  Correction  for  S.0w/ci9*2*i 
•152,  -.6358144>A, . 09019751B, - . 00063987i5)C i . D000020Z71121D 
•153.  -2. 56707245e-9>E i 1 . 200573S6e-12>F 

•154.  for  I-l  to  MH|Stn-(A*Bl*CI*2*0l*3*EI‘‘4*ri»51>Snj|next  Iirat 
•155.  •7.0*. 

•156,  'Used  Run#13281*  13381  As  Baseline  Correction  for  7. 0«»/eii>*R* , 

•157,  -8.759822e-l>A|9.176136e-2>Bi-7.086861e-4>C 
•158,  2.131036e-6>Os-2.70434e-g>E,1.258464e-12>r 
159,  for  I-l  to  MMiStll-fA-BI-Cl-a-OI-i-EI^A-FI-SilStlJinext  Iiret 
•160,  *52. 5*, for  I-l  to  MM 

•161 .  St  1 1- 4131766* . 03297146*1 - . 000057631 08* I *2 • . 00000005104936al*3>  t6( 1 1 
162,  next  Iiret 


•  163i  ■SS.S'ifor  to  MN 

•164  I  S( 1 1-Cl. 138011«. 03248146«t-. 000083368?3al‘‘2« . 0p000008?60017a|*3)>sr I ] 

165i  next  1 jret 
•166t  ‘SS-O'ifor  ’-1  to  MN 

•167 1  St  n-(-.490928* . 03550 15« f 0001 139977* 1*2* . 0000001424141*1 *3> IS Cl) 
168>  next  I i ret 


0i  ‘Smoke  Oetn  Reduction's 

li  fmt  letimrt  t6 , 31 ,31 ,31 ,31 .31 .31 .31 .31 .31 .31 ,31 ,31 .31 ,31 ,31 .31 tspc 
2i  prt  'Smoke  Data  Reduction' ispc 

3i  dim  A[15],A$IdJ,B»r20], Eire], r«[6},n,N,N»ri5. 151, MOriS) 

4:  dim  MtClS,15I 

5i  dap  'SMOKE  DATA  REDUCTION' (wait  900 
6i  ent  ‘o  of  run  in  di a k (1 .2. . )7' ,M4 t 1 1 
7i  ent  'Has  this  been  plotted  before^', W 
8i  dsp  'Have  your  plotter  ready*  Cont.'istp 
9i  'xxxlnf '}W»t21 
lOt  M*tl)>W«(2,l,ler<(W«ri}>] 

III  asgn  W«t2),l,0 

12i  sread  1 , A t « 1 .  A t , B«  ,E«  .F«  .M,N .NX  15 1  ,Mi 
13i  ape  jfxd  Giprt  'Run#" ' , At  10  I ,B< , A# 

14t  dap  *  Run#"' , At  10 1 ,Bt , A$ imai t  1500 

15s  dim  StMN].HIMN3,RCSl 

16s  dim  Zri01,S<t2MNl 

17s  •xx3ht’>W*t3J 

18s  Mtri]>Mtt3,l,l«:n(Mttl})l 

19i  asgn  Mtt37,2,0 

20s  Sread  2,ZI«],S« 

21:  dap  • . WORKING . 'jgsb  'CALC 

22:  sab  'PLOT' 

23.  sab  'LABLE* 

24,  ent  'ANOTHER  RUN?', X, if  flsl3i3to  *4 
25i  dsp  'CHOOSE  PROGRAM  FROM  S.F.KEV 
26s  atp  islo  *1 

27s  fmt  16b, ert  16 . 31 .31 .31 ,31 .31 .31 , 31 ,31 , 31 ,31 ,71 , 31 , 31 ,31 ,31 ,31 i ape 
28s  dap  'SEE  YOU  NEXT  TIME', atp 

29s  'a******************************' s 

30i  'CALC'sfor  r-1  to  MN 

31s  At31*<(itf  fS«l£I-l,2n)/10000?“10-9-ZI3J>«24.744/3>Hin 

32s  next  1 

33i  'xxlamOWSISl 

34i  MtIll>W$f5,l,lenrMtIim 

35s  aasn  Wtt5],4,0 

36s  sread  4,ZtX),St 

37.  sab  'CALIB' 

38s  for  1"1  to  MN,A[4]*Hin«StIJ/C.134*AI2}«A[3]}>Stfl,next  I 

39i  for  J"1  to  5 

40,  for  I-l  to  MN-2 

41,  (SIM, SIl*l]*S[I«21)/3>Hri*l), next  1 

42,  for  1-2  to  MN-l,H(M>SrM,next  Iincxt  J 
•43,  'Autosaatc  Correct  Beaeiine's  ' 

44s  01V,for  !•!  to  MN 
45s  if  SIlXViStIDV 
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4Ci  n*xt  1 

47t  for  t-1  to  MN}Sin-V)Srilinf>xt  I 
48i  'A-C.B’i 

49i  for  1-2  to  MN-liif  S[n>Z|SIIl)7 
50i  (S(  1 1*SI  !-in«l/2N*0>D 
Sli  If  l*1.5t1|D>Rll] 

52i  If  I-3niO>R(21 
53i  if  I-5M50>P13J 
54i  If  I-10M-l|D}Rt41 
55.  If  1-HN-1-.0>R(5] 

56i  next  I 

57i  if  M-l;gto  *8 

58i  'prevent  Sn)<-6*t 

59.  for  I-l  to  liH.lf  5(|]<-6t-5.999>SNl 

60.  ftl  ((S[I]*6}''.lel0000)>S«(2I-1.2Ilinext  I 
61 1  'xxsaak  ■>!.:«  (6:  t  Wt  f  1  ]  lUtfS .  i  .  len(M«Cl  1)3 
62i  open  UtC6],6 

63i  aegn  MtlGl.S.O 
64i  sprt  5,St|'end' 

65  >  ret 

66i  'PLOT'.prt  ‘Max  SMOre  value-* .Ziapc 
67i  0>r3 

68.  |4  Z<5000iS000>A|if  Z/2000|2000>Atif  Z<1000tlOOO>A| if  Z<500t500>A 

69.  if  Z<200t2C0>Atlf  Z<1C0 i 10Q>A| if  Z<SOt50>A|if  Z<20|20>A 
70i  if  Z<10il0>A 

71.  Alrl 

72.  rl/lOlrO 

73.  eel  -12H,6SH,r3-(rl-r3)l/6,rl‘frl-r3>1/10 

74.  axe  0,r3,60,r0 

75.  csiz  1 .5 ,1 .5 ,1 ,0 {pen 

76.  for  l-r3  to  rl  by  rO 

77.  pit  -6N,I,-1 

78.  fxd  0;lbl  ! 

79.  next  I 

80.  pit  25M.r3-<rl-r3)l/10,-l 

81.  Ibl  ‘Time  (rain)* 

82.  for  I-O  to  65N  by  60 

83.  pit  I-H,r3-<rl-r3)l/18,-l 

84.  Ibl  1/60 

85.  next  l.pen 

36,  csiz  1.5,1.5,1 ,90tfxd  0 

87.  pit  -8H,r3*(rl-r3)/4.-l 

88.  Ibl  *?M0KE  CS.M.O.K.C. /M  )  * 

89.  cslz  1,1.5, .77, 90iplt  -8. CN,r3-<rl-r3)/1.53,-l i Ibl  *8*ipen 

90.  for  1-2  to  MH 

91.  pit  601 /M,SC I ) , -2inext  I ipcniret 
•92i  *onc*,A(61>P 

93.  for  I-l  to  MN 

94.  Critf (St  121-1,21 1)/10000)*10-200-ZI1))/P>0 
•95.  . 00143- . 04205aQ* . 0535«a*2}S( 1 1 

96.  next  Iiret 
•97.  *three‘>A(61>P 

98.  for  I-l  to  MN 

99.  (<itffSI(2l-l,2l))/10000>*10-?00-Z(ll)/P>« 
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•  lOOl 
101  : 

•  102: 
103i 
104  I 

•105 1 

106i 

•107i 

108i 

109: 

110: 

nil 

112i 

113: 
114| 
•115 1 

•  116i 

117i 

118: 

119t 

120i 
121  : 
122. 
123: 
124. 
125: 
126. 

127. 

128. 
129: 
130. 
131: 

132. 

133. 
134: 

135. 

136. 

137. 
136: 

139. 

140. 

141. 
142: 
143: 


. 00868* . 10054»0» . 1 7937»a*2>Sr 1 1 
..■**1  lire! 

•four* .AIGJIP 
for  I  •  1  to  tIM 

((.  tf  <S$r2I-l  ,211)  /10POO-'*10-200-Ztl))/P>Q 
. 0000704155* .31725766S4Q*. 0969626S7»Q*2}SI 1 1 
next  I  I  ret 
•inf  in" .AteilP 
for  I«1  to  MN 

(Citf  fSlt2I-l  ,2n)/10000)'‘10-200-2tll)/P>0 
QfSdl-next  T 

prt  "Need  at  responaevsOD  cal ibrat loncurve  for  this  OD  FS'jspe  3 
stp  iret 
•CALTB* . 

for  1»1  to  MHj<itf<S*r2I-l,2Il)/100n0)“10-200>Q 
0*621.5-2111X1 

1 4. 32S9075403-.0588S4S1204Q«. 000077024260*2-. C0000003124Q*3>S[ 11 
nex  t  J I  ret 

•LA8LE*.C3i2  2, 1.5, 1,0 
pit  5N.-rl/6.-l 

Ibl  •no.  SMOKE  RELEASE  PLOT* 

pit  40N,rl,-l 

Ibl  •RUN  /•.AtlOl 

CS12  1 . 5 , 1 . 5 , 1 , 0  I f xd  0 

pit  40N,rl-<rl-r3) . 07,-1 jlbl  B» 

pit  40N,rl-Cr:  r3).12,-ltlbl  *5»oke  •' 

pit  52M,rl-Crl-r3).12.-lsIbl  •TimeCmin)* 

pit  40N,rl-' 'l-r3).2.-l jibl  Rill 

pit  55N,rl- :rl-r3). 2,-1 , Ibl  *1.5* 

pit  40H,rl-<'ri-r3).2S,-lilbl  Rt21 

pit  55N,rl-<rl-r3).25,-l j Ibl  *3* 

pit  40N,rl-<rl-r3).3,-l|lbl  RfSl 

pit  55N.rl-(r1-r3). 3,-1, Ibl  *5* 

pit  40M,rl-<:rl-r3).35,-l  lbl  Rt41 

pit  55N,rl-<rl-r3). 35,-1, Ibl  *10* 

pit  40M,rl-<rl-r3). 4,-1, Ibl  RIS) 

pit  53.3N,rl-<rl-r3).4.-l,lbl  N 

pit  40N,pl-<rl-r3). 5,-1, Ibl  •HEAT  TLUX* 

fxd  l,plt  40N,rl-(rl-r3). 55,-1, Ibl  AtlJ,*  w/cn.* 

pit  40M,rl-<rl-r3).S,-:,ltI  •SAMPLE  AREA* 

fxd  5. pit  40N,rl-(rl-r3). 65,-1, Ibl  6121,*  »• 

csiz  1,1.5,8.5/11,0 

pit  53N,rl-(rl-r3). 525,-1, Ibl  *2* 

pit  54N,rl-Crl-p3).625,-l,lbl  •2*iret 


O.  *888  FROM  02S  CONSUHPTIOH  ...  (included  fire  sas  flow  adj,8TU  )*> 

1.  fsit  16b, wpt  16, 31, 31, 31, 31, 31, 31, 31,31, 31, 31, 31, 31. 31,31, 31. 31, spe  vf«t 

2.  prt  *Heat  Release  Pate  'tspc 

3.  Jsp  *NEAT  RELEASE  RATE* {wait  850 

4.  diM  A(15},A»[8], 81(201, EOiei.FOiei.M.N.NttlS. 151. M«[15] 

5.  dun  Utri5,151,EC600].Y(6C01.'.<(10,101,D«[1200],Yt(10,101 

6.  enp  *4  of  run  in  disk  (1 ,2.  .  >*>•  ,M9(  1 1 

7.  dsp  *Do  you  have  the  follow! 09  file?*, wait  1500 
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•  • 


8i  ent  •HF*,V*ll3,*HCL«,V*r2J,*AlO',V*t31 
9i  Mt  MS  THIS  PCEH  ALOTTEP  «ErePe‘^«s-l.N9-»,eofit*,H 
lOt  dap  *H4v«  yo'jr  plotter  roady*  Cetit.*istp 
11*  •xx*infMW«C21 

12*  Ut[ir>vi«;2.1.1cn(W*tl})l 

13*  drive  0 

14*  009*1  1>0 

15*  oread  1  ,ACol  .At  ,E«  .Ft  ,lt,!I.N«ItSl  ,Ht 
16*  dop  *RUN«*,AC:0).*  •.Atfoolt  1500 

17*  fad  Otprt  *ltUN#^*.Atl03  .St.AOtepe 
le*  diM  21101, P«t2HNl.ffC53.2tMNl. SIMM] 

19*  93b  •CAC».02',dap  M'W  MORKING . • 

20*  9sb  'AXES' 

21*  9sb  'PtOT* 

22*  sab  'LABLE* 

23.  33b  "BTU* 

24.  e*.t  'AHOTHER  f)9l3i9to  *3 

25 >  dap  'CMOOSE  PROGRAM  FROM  S.F.ICEV' 

26*  otp  igto  -1 

27.  dap  'SEE  YOU  NEXT  TlME'i»tp 
29:  •AXES'* 

30*  if  2<5000|5000}A|if  Z<2000|2000>Atlf  2<1000tl0Oe>A|lf  2<5B0|S0e>A 

31*  If  2<200|200>Atif  r<100|100}Atif  2<50|50>A 

32*  acl  -10H.70N,-A/6.1.05A 

33*  oae  0,0.60.A/I0ical?  1 . 5 .1 . 5, 1 .0|fxd  0 

3^*  for  1>0  to  lOiplt  -eH.IA/lO.'ltfxd  Oflbl  IA/10*ncxt  1 

35.  pit  25H.-A/10,-ltlbl  'Time  foln)* 

36*  fad  Ojfor  I-O  to  65N  by  SOiplt  I-H, -A/20,-1 
37*  Ibl  l/60(next  I 
38:  C9iz  1.5,1.5.1.90 
39*  pit  -7P,.£A,-1 

40*  Ibl  'Heat  Release  Rate  (ke/a  >*fpcn 

41*  C9lz  l,1.5,.77,90iplt  -7.SM,A/t.49.>t{lbl  *2*ipenirat 
42*  'PLOT'* 

43*  fcr  X-1  to  MN-l3;XM3>f  iplt  eOK/M,Pl  1 3 , -2 
44.  **e*l  K 

45*  for  I-MN'13  to  MHiPlMNIlPl  I  liplt  60I/N.Pr  13  , -2|  next  lipemrat 
46*  'CACLC2'. 

47*  !32*23>C|fat  4b , 'Corvert las  Data* ,4bf«*r t  f.C.C.C.C.C.C.C.C 
4P*  'zx9co'>Lt[2]t*x«9Co2*>LtC3] 

49.  'xxghcn'>Ltr43i'xxshc«'L0t5I 
SO*  'xxsno'lLtCGl 

51 .  'xxHF  •  >L « 1 7  3  I  '  xxHCL  •  >L  M81 1  •xxALD«  3Lf  193 
52*  for  T*2  to  9 

S3*  132*29>C|f*t  4b, 'Convert las  Data*,z.f2.9.4bi«*rt  0,C.C,C,C.T.C.C,C,C 
54.  prt  T 

55*  if  T-7,if  Vttlld'l'igto  67 

56*  if  T-3*lf  V*C21#'l'j9to  €7 

57*  if  T-9|if  VOtSlf'l'tgto  67 

S3. 


59:  M|}L»:T,l,len<M»)l 
&0 I  dr  1 0 

61  I  LtrT]  ,  1  .  0 

o2  I  ar  1  ,0* 

63i  for  K'l  to  600 

64:  Cltf  <D$(2K-1  .SKD/lOODO'^lO-eiEiri 
65:  next  k 
66 1  ] mp  2 

67i  for  I-l  to  eOOiOlCC I !|next  1 

68.  fo-  I-l  to  600|EI  n«Y[  !  DVr  I  J,next  I 

69i  next  T 

70.  for  I-l  to  600 

71.  Ym/455*A[21/.  07695>Yr  n  jnext  I 

72.  132*28>C5fiiit  4b  ,x. 'Working*  .*,4biwrt  0  ,  C ,  C ,  C  ,C  ,  C  ,C  ,C  ,C 

73.  •xx7o2*>W*f3I 

74.  Wttll>W»f3,l ,lenCW*riIJl 

75.  asgn  WH31,2,0 

76.  aread  2.2t«I,o« 

77.  for  t>'-l  to  MHjdtf  CP«f2K-1.2kJ)/10000)*10-9-Zr7)>PtlCJtnert  If 

78.  for  I-l  to  MN,  <Pm/40«?l)«CYm«15'' /15>P[  1 1  (next  ! 

79-  Pt2]>Ptl1>Q 

80,  for  I-l  tc  MH 

•  ail  15K.2ia439«60/3414«.8)»(.21-PIIl/100>/.21/A[2]>Ptn(next  I 

82,  for  J-1  to  5 

83,  for  I-l  to  MH-4 

84,  CPtllrPt  I«1  l*Pt  1  *21*Pr  I*21*Pr  I*4])/5>Pn*2] 

85,  if  P[I»2]<0,0>Pn*21 

86,  next  I  (next  • 

87,  for  I-l  to  MN-25if  P I  I ] >25 P 1 1 1 >Z 
83,  nrxt  I 

89,  prt  *02  MAX  HrAT-*,25SpC 

90 ,  if  M- 1 5 i mp  9 
91 !  for  I-l  to  MH 

92.  If  PI  I  If-Sj -5.999>Pm 

93.  ftl  (<PI  n*6>^.  l»10000J>P»f2I-l,2ninext  I 
94  ,  •  xxn2HR*  >U'»  t  4  ]  5  W*  1 1  J  >W$ 1 4 , 1 ,  len CW*  1 1  ]  )  ] 

95,  open  U«C4],6 

96,  aagn  Wt[4],3,0 

97,  aprt  3,Pt,'eT.d* 

96,  0)0 

99,  for  1=1  to  MN-2 

100,  ':p[ i«i i«pn*2J)/2*i/M*o>o 

101,  if  I-l.SwM-ZjOlRlll 

102,  if  l-3M-2,D)Rrc] 

103,  If  l-5M-2,0>RC3] 

104,  If  :-10ri-.?(O}RI4] 

105,  if  I-NM-25D}Rt5J 

106,  next  I 

107,  ret 

108,  •LA8tE*,csli  2,1.5,i ,0iplt  3H, -A/6,-1 

109,  Ibl  ‘fig.  Heat  Release  Rate* 

110,  3201T 

111,  fxd  0-plt  T,A,-l|lbl  •PUN#*, AUDI 

112,  csi»  1.5, 1.5, 8, 5/11,0, pit  10N,.9SA,-l,lbl  'MAX  MRR(BY  02)-*,Z 
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il3i  pit  T,.95A  -1 
114i  Ibt 

115i  pit  T,.9A,-1 

116i  )bl  ■ INTEGRATED  HEAT  RELEASE* 

llTi  pit  T  , .  8SA  ,  - 1 1 1  bl  *(by  02X  ConvufKptlon)* 

118i  pit  T,.eA.-lrlbI  'Cko  min/m  )* 

119i  pit  T*15N.  .8A,-l,lbl  'nUi** 

120i  pit  T,.75A,-l,lbl  RflJ 
121i  pit  T*15N..75A,-lilbl  *1.5* 

122i  pit  T..7A.-l,lbl  Rt21 
123r  pit  T*irN,.7A,-l,lbl  *3* 

124i  pit  T,.65A,-1 , Ibl  Rt31 
I25i  pit  T*15N,.65A.-Iiibl  *5* 

126i  pit  T..6A.-ltlbl  RC41 
127i  pit  T«13.8M, .6A,-l,ltl  *10* 

128.  if  H>^10i3to  *3 

12S.  pit  T,.55A,-l,lbl  RI5] 

130i  pit  T*15N..55A.-ljlbl  ti 

131.  pi:  T,.5A,-lilbl  *He«t  flux* 

132.  f*d  l,plt  T»2H..45A.-i,lbl  Atll.*  w/cn.  * 

133.  fxd  Siplt  T,.4A,-l.lbl  ‘Sample  A'-ea* 

134.  pit  T,.35A.-l,lbl  At2],*  m  * 

135.  csl*  1,1.5.8.5/11,0 

136.  pit  T»9.34N,.aiA,-l,lbl  *2* 

137.  pit  T»12.3N..46A,-1, Ibl  ‘2* 

138.  pit  TMlN,.36A,-ltlbl  ‘2* 

139.  ‘BTU*. 

140.  ‘Axe  For  ICW/M*2>BTU/SEC/rT*2* . 

141.  acl  -ION, 7CH, -A/6, 1. 05A 

142.  Aa. 088166>8te>L 

143.  OlH 

144:  »f  L<500|500>Bi 1 f  L<200t2CO>8}lf  L<100| 100>Bi If  L<50|50>B 

145.  If  L<20t20>St4f  L<10|10>e.lf  L<S|5>8tl>H 

146.  8>C 

147.  axe  6CN, 0  0 , C/ . 088166/1 0 | calx  1.5,1.5,1 ,0|fxd  0 

148.  for  f-0  to  lOsplt  60. 2N.IC/. 888166/10, -Itfxd  H|lbl  IC/lOmext  I 
149;  can  1.5,1.5,1,90 

150.  pit  67. 5H. .2A,-1 

151.  Ibl  •Meat  R-lecac  Rote  <eTU/SEC/FT*2> * ipen 
a30536 


0.  *Heet  Release  Rate*. 

1.  fmt  16biwrt  16,31,31,31,31  31 ,31 ,31 .31 .31 , 31 .31 , 31 .31 , 31 ,31 .31 1 spc  |fe>t 

2.  prt  *Heat  Release  Rate  *ispc 

3.  dsp  ‘HEAT  RELEASE  RATE'iwalt  850 

4.  dim  AC15],At(81,P«[20I.E«C61.rOt6].N.N.N>I15,15I,M0ri5] 

5.  dim  W0tl5,151 

6.  enp  *a  of  run  in  disk  Cl  ,2. .  )*>*  .KtCll 

7.  cnt  *Has  this  been  plotted  before?*, M 

6.  dsp  *Have  your  plotter  ready!  Cont.*istp 

9.  *xxxli.f •>W»t21 

10.  M«(li:Ht(2,l,  ler  (Htdl)  J 

11.  drive  0 
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12> 
13i 
14i 
15i 
•  16. 
•17. 
18. 
•  19. 
20. 
21  , 
22. 
23  i 

24 . 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 
34  : 
3*;. 

36. 

37. 

38. 

39. 

40. 
41  . 

42. 

43. 

44. 

45. 

46. 

47. 

48. 
•49. 

50. 

51. 
•52. 

53. 
54  = 

55. 

56. 

57. 

58. 

59. 

•so. 
61 . 
62. 
63. 
•64. 
65. 


assn  Utl  (  2  1  .  1  ,  0 

sread  1  .  A(  ■  1  .  At  ,  9 1 ,6 1  ,  T  •  .  M ,  N  .  Ht  1 15 1  ,14* 
dsp  'PUN/VAllO)  .  •  Va*.*  ", At, wait  1500 
f*d  Oif.rt  •RtN4**  .AtlO]  ,3t.At,spc 
If  A(2)/. 0254-2-36, 12. 88g}F 
if  A(2)/  0254-2-10Ci4.64>r 

iia  2(  10)  ,R«{2W1  idim  Pt  (  2MN1  .  P[5I  ,PIMN1  ,  S  t  I4N  ) 

Ssb  •CAf'L'idsp  ‘I'M  WORKINC . * 

Ssb  ‘AXES* 

‘PLOT* 

jmp  2 
stp 

Ssb  ‘LABLE* 

-nt  ‘AMPTWER  PUH'' *  .  X  ,  i  f  fl3l3,gto  *3 
dsp  'CHOCSE  PROCKAM  FROK  S.F.KEV 
stp  tgto  -1 

dsp  'SEE  VQU  next  Tlf.'E'jstp 
•AXES* . 

if  2<5000)5000)A, If  Z<2000 , 2000 ) A ? i f  2<1 000 , 1000 > A , 1 f  Z<500,500>A 
If  2'200i200>A,if  Z<100,100}A< if  2<50;50>A,if  2<20,20>A 

jmp  2 

ent  ’.MAX  Y-ax  i  ^  A 

scl  - 12N,65H,-A/6 , 1 . 05A 

j*p  2 

csiz  1.5,1.5,8.5/11  .Oiplt  1  ON  ,  .  85A , -2 ,  Ibl  'MAX  HRRCby  TO-’ ,Z,ret 

axe  0 , 0 , 60 , A/ 10 , cs 1 2  t . 5 , 1 . 5 , 1 , 0 ; f xd  0 

fo'  1-0  to  10, pit  -■’N,  :a/10,-1 

fxd  Ojlbl  [A/10,next  I 

pit  25M.-A/lQ,-ltlb!  ’Time  (x.inO* 

fxd  O.for  I-O  to  65N  by  60, pit  !-«, -A/20,-1 

Ibl  r/60,n.txt  1 

csi2  1.5,1.5,1,90 

pit  -10.5N, .2A,-1 

Ibl  "Hent  R»lea«e  Pate  (kw/m  3*jpen 

cslz  1,1.5, 90. pit  -11K,A/1.49,-1  ,lbl  ’Z*  ,  pen ,  ret 
•PLOT-.jmp  3 

•Time  Delay  Correction  Used  Before  6/1/80*. 

for  1-1  to  MN-4;plt  60  I /M,  St  I  ■•4 1  , -2  jnext  I, fen, ret 

for  I-l  to  MN.plt  SO  I /M , St  I j , -2 , next  I;pen,ret 

•CACL’.OID 

■xx3ht •>Wt[3] 

Wttl  ]}Mtt3,l,lenCt4ttl])  1 
dr  1 ve  0 

assn  MtI3],2,0 
sread  2 , Z t *  1 , Rt 

for  I-l  to  MN;<ltf(Rtt2I-l,2in/lOOOO)-10-9-2t3J>Stn,next  I 
imp  2 

•EMPTY  HOLDER  CALIBRATION  HERE*, 
for  J-1  to  20 

for  I-l  to  MH-2,  (SI  I  1-S:  I  *1 1+St  I«2n/31Pl  1*1  J  jnext  ;,next  J 
for  1-1  to  MN-2.Pt ;*1’*F>SI I-lIjnext  I 
•BASELINE  COPPECTr0N,6x6,10xl0‘ . 

If  AI2)/. 0254-2-36  and  Afll-2. 5,936  •S2.5* 
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•  66i  if  Al21/.0254'‘2-36  and  AtlJ-3.5i9»b  *53 
67i  if  Af21/.0254*?=36  and  ACll'Sigab  *55. O' 

•68;  if  At2J/.0254*2-100  and  Afn-l.Stgab  *1.5* 

69t  if  At21/.0254*r-100  an'  Ari1-2,g9b  “".O' 

70i  if  At2]/.0254*2*?00  and  ACl)-2.5jgab  *2. 5* 

71.  if  Ar23/.0254»2-100  and  Ain-Sigsb  *3.0* 

72i  if  At2]/. 0294-2=100  and  A[l]>3.5;9sb  "S.S* 

73i  if  Ar2J/. 0254-2-100  and  ACil-4t9sb  -4.0- 

74,  if  AC2J/. 0254-2-100  and  ACll-4.5t99b  'A.S- 

75,  if  A12]/. 0254-2-100  and  A{l]-5!9sb  *5.0* 

76,  for  I-I  to  riM-2|l^  ?  1 1  ♦  1 1 'Z,  Sf  I  ♦  1  J IZ 

77,  next  I;prt  'MAX  HEAT-*,2,spc 

•78,  . 3434408}rl ,24 . 25827303) r2 , . 055849161 >r3j- . 028663159>r4 

79,  for  r-1  to  MN-2 

80,  (At31-273.1)/24.94*<Pr I*11-ZI3!)/3>P 

81,  95b  ’PPLYN* 

82,  X)Pri*l) ,next  ? 

83,  P[MH-2)>PtMN-l)>P[MNl 

84,  SlMH-2)>StMH-l]>StMNl 
85 1  J  mp  2 

86,  'baseline  correctlonCB)  if  GL  lower  than  0*t 

87,  for  I-l  to  nN,S[I]-8>Sri),next  I 

88,  If  U-ltgto  -17 

89,  for  I-l  to  MN 

90,  if  PfIl<-6,-5.999>StI) 

91,  if  PI  n<-6,-5.999>Pt  n 

92,  fti  (<P(  n«6)-.  i«iOOOO))Pfit21-l,2I) 

93,  fti  ffSf n*5)-.l»10000)>P*r2I-l,2IJ,ne*t  I 

94,  'xKpht'>W«t4)  ,W$tl  J>WiM,l,len<WOf  IJ)  J 

95,  open  UtC4],6 

96,  asgn  Utr4],3,0 

97,  sprt  3.P«,'end' 

98,  •«X3ht*3W$r5JiW«ClI}W«C5,l,Ien<W«Cll) J 

99,  for  I-l  to  MN 

too.  if  St  I :<-6! -5.999>St n 

101,  fti  (<S[n«6)*.l«tOOOO)>PtI2I-l,2IJ,next  I 

102,  open  ‘•4tI51;6 

103,  assn  WtI51,4,0 

104,  sprt  4, PI, 'end' 

105,  for  I-l  to  MM-2 

106,  (Sri-l]*StI-2r /2»l/«-D>0 

107,  if  1-1 .51,D>RI1) 

108,  if  I-31,D}RI2) 

109,  if  I-5I1,0>RI3} 

110,  if  I-10ri-2,0}RI41 

111,  if  I-riN-2,0>R:5) 

1 12 1  next  1 1  ret 

113,  'LABLE'.csii  2 , 1 . 5 , 1 . 0 ,pl t  3N, -A/6,-1 

114,  Ibl  'ri3.  Heat  Release  Rete* 

115,  fxd  Ojpll  40N,'),-lilbl  'l?UN4',Ari0) 

116,  caiz  1.5,1.5,8.5/11,0 

117,  pit  40N,.95A,-1 

118,  Ibl  Bl 

119,  pit  40N..9A,-1 

120,  Ibl  'INTEGRATED  HEAT  RELEASE* 
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121t  pit  40N,.85A.-l,lbl  'Clrw  min/m  >• 

122i  pit  55H..85A,-l;lbl  'min* 
t23t  pit  40N,.9A.-1  jl'ul  pm 

124.  pit  55H,.8A,-l;lbl  *1.5* 

125.  pit  40N. .75A.-lilbl  RC2] 

128.-  pit  ?5N,.75A,-l|lbJ  'S' 

127.  pit  40N,  . 7A.-lr Ibl  R[31 

128.  pit  55N, . 7A.-1 ,lbl  *5' 

129.  pit  40N. .6SA.-1 ; Ihl  R(4] 

130.  pit  S3.8N,  .65A,-!  !  :bl  MO* 

131.  If  H-lOtgto  *3 

132.  pit  40H,.6A.-l;lbl  RfSl 

133.  pit  55N,  .6A.-1  j  1L,1  H 

134:  pit  40H..?'^A.-ljlbl  "Heat  ♦lux* 

135.  fxd  Itplt  42N,.5A,-l}lbl  Atl?,*  w/cm  * 

136.  fxd  5iplt  40N,.4A.-ltlbl  *Sai»ple  Area* 

137.  pit  40H,.35A,-ljlbl  At21,*  m  • 

136-  csiz  1,1.5,8.5/11,3 

139.  pit  49.34N,.86A,-l,lbl  '2" 

140.  pit  52.3H..51A,-ljlbl  •2* 

141:  pit  51N,.36A.-l;lbl  •2* 

142.  ret 

143.  fit  6 

144.  for  I«10  to  600  by  10 

145.  fxd  2,wrt  70 1 , 1  ,  S  t  11  ,  Ptll , .  54»(P£  I -P 13  J5 /Stll  j  next  I 

146.  list  #701,86 

#147.  'Baseline  Correction*. 

148.  'l.S'.for  1«1  to  MN-2 

#149.  Sm- 9194725*.  028305081 -.00007046232I*2*.0!)000005605972I»3)>Sin 
150:  next  liret 
151.  *2. O'. for  I-l  to  nN-2 

#152 .  SI  I ]-(-. 1181896* . 03363331 1 -. 000036647921*2* . 000  000070937571*33 }St I J 

153.  next  1 jret 

154.  *2. 5'. for  I-l  to  MN-2 

#155.  St  11- (-1.021 223*. 052443581 -. 00013355591*2*. 00000010896361 *3) >Sl 11 

156.  next  I . ret 

157.  *3. O'. for  1-1  tc  MN-2 

#158.  SC  I ]-(-. 3690328*. 06021497I-. 0001630504 1*2*. 000000138218SI*3}>Sl 11 

159.  i.ext  I ;  ret 

160.  *3. 5*. for  I-l  to  MM-2 

#161.  St  n-(-l. 08422*. 071462451 -. 0001903745! *2*. 00000016402421*33 >Stl I 

162 .  nex t  I . ret 

163.  *4.0'. for  I-l  to  MM-2 

#164.  Sm-(-.  7870187*.  064086171 -.  00016830351*2*.  00000014501561*33  }St  II 

165.  next  I .ret  ' 

166.  *4. 5'. for  I-l  to  MN-2 

#167.  St  11 93121 05*. 069378031 -. C001798078I*2*. OC00001483744 T*33 >St  H 

168.  next  I .ret 

169.  *5.0*. for  I-l  to  MN-2 

170.  •S2.5'ifor  I-l  to  MN-2 

#171.  Sm- (-2.589578*.  01370923»I-.  0000160941*2*.  0000000068671*33  351 11  .next  I 

172.  ret 

173.  *53. 5'. for  I-l  to  MN-2 


•  174 ■  SI  I  ]-(-3.S7033*.0314908SatI  - .  0000738t75«I*3*.  00000005873»1‘'3> >S(  13  i««xt  I 
175i  ret 

•l76i  ’SS.O’ifor  1-1  to  MN-2 

177:  St  1 1- (-1.67813*. 014r6365»I- . 0000141806«l*2*.00000000si43al*3>>s( ' 1 1 next  i 
178i  ret 

179i  •P0LYH*irl*r2P*r3P*2*r4P*3H(|ret 


0i  *CO  ReleB9e  Rate'i 

ti  f<iit  leSfwrt  16. 31. 31. 31. 31, 31. 31. 31. 31. 31. 31. 3:, 31, 31, 11, 31, 31|9pc 
2i  prt  *C0  Release  Rate'jspc  2 
3t  dap  ’CO  RELEASE  RATE*|walt  900 

4i  dim  AriS],Atr8].a«r201,E$t6],rtt6J.N.N.N»tl5.1S}.N»ri5} 

5i  dlM  MttlS.lSl 

6i  enp  *#  of  run  in  di  ak  ( 1 ,2. .  3  7*  .!14(  1 1 
7i  ent  'Has  this  been  plotted  fcefore7",M 
8i  dsp  'Have  your  plotter  ready!  Cont.'istp 
9i  'xxxinf  >U«t21 
lOi  Wt(l]>Mtr2.1.Ien(W*(l}>} 

Hi  drive  0 

12:  asgn  kit(2),l  ,0 

i3i  sread  1 . At*} . AS ,B< , E« .Ft 113 .Nt 
14,  dsp  'Run4«',A(101.",Bi.A«|wait  1500 
ISi  fxd  Oiprt  'Run*** .At  1C  1 ,Bt .Atjspc 

16,  dim  ;!(10]  .Gtt2HNIidlA  CmNl 

17,  dsp  * . WORKING . *»99b  *CACL* 

18i  9sb  'AXES* 

19,  gsb  'PLOT* 

2C,  gsb  'LAPLE* 

21,  ent  'ANOTHER  RUN7',Xiif  flglSigto  *3 

22,  dsp  'CHOOSE  PROGRAM  FROM  S.F.KEY* 

23,  stp  igto  -1 

24,  fmt  16b)wrt  16 .31 .31 ,31 ,31 ,31 .31 .31 .31 .31 ,31 .31 ,31 .31 ,31 ,31 ,31 (Spc 

25,  dsp  'SEE  YOU  NEXT  TIME', end 

26 ,  * »■«**»»*»»»«»«*««**»»«»■*■«■■ * , 

27,  'AXES', 

28,  sel  -12N,65N,-A/6.1.05A 

29,  axe  0,0, 60, A/10 

30,  csiz  1 . 5 , 1 . S , 1 , 0 , f xd  0|for  1*0  to  lOiplt  -7N.IA/10,-1 

31,  fxd  Oilbl  IA/10,next  t 

32,  pit  25N.-A/10,-1 , Ibl  'Time  (min>* 

33,  for  I-O  to  65N  by  60jplt  I-N, -A/20,-1 

34,  fxd  Oflbl  l/60tnext  I 

35,  c*t2  1.5, 1.5, 1,90, fxd  0 

36,  pit  -ION, A/4,-1 

37,  Ibl  *C0  Release  Rate  Cg/min/m  I'lpan 

38,  csiz  1.1.5,.77,90iplt  -10.5N,A/1.31 ,-l|lbl  *2*ipanirat 

39,  'CACL'.OIO 

40,  'xxSco'lWSfSl 

41,  MttlJlUtO.l.lenCWItl])) 

42,  esgn  Wti3],2,0 

43,  sread  2.Zta],Ct 

44,  for  K-1  to  MHi(itf(Gtt2K-l,2KJ)/100003*10-9>GrKl|next  K 
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••»5i  'THIS  CALIBRATION  IS  mV>pp»*i 

•46>  10. 102623*329.  0363*21  4  J  *1 7.  i904r.*Zr  4  I  •2>Zr  4 1 

•47.  for  K’l  to  MN-.IO.  102623*329. 03e5*r.[K1*l7.l9045«CIK)>2}G(K)|G[Kl-Zr41}CrK] 
48i  next  K 

49,  for  I-I  to  MNtlf  Gf n/le4>^|GriJ/le4>Z 

50,  next  Ijprt  ‘Max  CQ’jopo  ,f«t  f6. 2 ,3x , “X* iwrt  16, Z 

51,  jmp  2 

52,  'TEMP  EFFECT  AIR  FLOW  }Tf»l*. 

53,  for  1-1  to  MHiGtn/le6«A[41/4*le3*28/.08205/298/AI2]>Gmii»ext  I 

54,  maxCCt«n>Z 

55,  if  2<5000s5000>A, if  2<2000 j 20001A ; i f  Z<1000 j lOOOlA? if  Z<500|500>A 

56,  if  2(200|200>A;if  2<100 ; lOOlA; i f  2<50j50>Ajif  Z<20|20>A 

57,  If  Z'lOilOA 

58:  fn»t  fG.  2  ,  X  ,  “g/ini n/m*2 *  5«,r t  16,Zsspc 

59,  for  1-2  to  MNjCGn]*GII-in»60/M/2/6C*0>D|next  I 

60:  if  W-ljgto  *7 

61:  for  I-l  to  MNjif  GC 11 f-G? -5 . 999>G 1 1 1 

62,  fti  (CGC I  1*6)*. l»100001>Gt(2I-1.2n tnext  I 

63,  ■xx9co*>U$r4l,W<Il}>Utr4,l.len(U<[l])7 
64:  open  M«C4| ,6 

65,  aagn  W«(4] ,3.0 

66,  aprt  3,Gi,*er,d* 

67,  ret 

68 ,  j  mp  3 

#69,  ’Time  0‘*lay  Correction  Used  Before  6/l/90*« 

#70,  for  I-l  to  F!H-135  I*t3}iliplt  60 1 /H.GIK)  , -2 ,  next  Ijpemret 

71,  'PLOT'rfor  1-S  to  MNsplt  60( I -8) /M,G[ 11 , -2 j next  I 

72,  for  I-MN-9  to  MN  jOCMHnOC  1 1  ipl  t  60  I /M  ,6t  U  jnext  Iip«n,ret 

73,  ‘LABLE'icslr  2 . I . 5 , I , 0 ;p 1 t  3N, -A/6,-1 

74,  Ibl  ‘Fig.  Carbon  Monoxide  Release  Rate* 

75,  fxd  0,plt  40N,A.-l|lbl  ‘RUN  #‘,Atl0J 

76,  csiz  1.5,1.5,l,0|fxd  0 

77,  pit  40N,.95A.-l,lbl  Bt 

78,  pit  40N, .85A, -1 ; ibl  ‘MAXIMUM  RATE’ 

79,  pit  40N,.3A. -lilbl  2,‘  g/min/m  ‘ 

80,  csli  l,1.5,8.5/ll,0jipl*.  -N. .  015A ,  -  1 1  Ibl  ‘2‘»csiz  1.5, 1.5, 1,0 

81,  pit  40N, . 7A, -1 j fxd  2, Ibl  ‘total  released’ 

82,  fxd  0,plt  40H,.65A,-l;lbl  P.‘  g/m  ‘ 

83,  csii  1 .1.5,8.5/11  .Ti  Iplt  -N, .  015A , -1  •,  lb  1  ‘2‘,csix  1.5, 1.5, 1,0 
84:  pit  40N..55A,-l»fxd  l;lbl  ‘heat  flux  ‘ 

85,  fxd  Itplt  40N..5A,-l;lbl  All).’  M,/cm  ' 

86,  pit  40N , .  4A , - 1 j Ibl  'Sample  area  * 

87,  fxd  5, pit  40N. .35A,-1 ,Ibl  AfEl,’  m  • 

88,  csii  1,1.5,8.5/11,0 

89,  pit  53N,.51A,-l,lbl  ‘2* 

90,  pit  54.3N,.36A,-1 ilbl  ‘2’ 

91 :  pen  I  ret 

■13915 


Oi  ‘CO?  Pelea^<s 

1,  fmt  ISbiwrt  16,3l,2t.31,::i.:ri,?l,3J,31.31,31,71,31.31,31,3l,3li»pe  jfM 
Cl  prt  *C03  ^nte’tspc 

3f  dsp  *C02  Peieasa  Rate*;wait  300 

4i  dim  A(15],A«(81.B«f201.Etr61.r«r6).M.N.M$[t5,151,MtIt5) 
di* 

6:  enp  of  run  in  dl sc <1 ,2. )7* ,M((1 ) 

7i  ent  'Has  t^lis  been  plotted  before?*, U 

8i  dsp  'Have  your  plotter  readyl  Cont.'istp 

9i  'xxiinf  >MS(2] 

lOi  Wtri]>WtC2.1,len(Wt(l])] 

til  drive  0 

t2i  assn  U«C2],1,0 

13«  sread  1 , A(a I , At .e< . Et , F« . M.H.N<r 151 .Mt 
14i  dsp  'Pun#«',",AtlO).8<.A4i«ia4t  ISCO 
15i  f»H  Ojprt  'Run#*' ,Af 10 1 ,Bt ,At tspc 
16i  dim  2C101 .Ott2MH] tdlm  ClMNl 

17i  32«128>C|fm>  4b. 'WORKING' .4b»«»rt  0,C,C,C,C,C,C,C.C 
Idi  ssb  'CACL' 

19;  ssb  ‘AXES' 

20i  ssb  'PLOT' 

21 1  s»b  ‘'-AELE' 

22i  ent  'ANOTHER  RUN?', X. If  flslSisto  *3 
23i  dsp  'CHOOSE  PR0GR<iN  FROM  S.F.KEY* 

24 1  stp  isto  -1 

25i  fvt  16b|wrt  18 .31 .31 ,31 .31 .31 ,31 ,31 .31 ,31 ,31 ,31 .31 ,31 ,31 .31 ,31 itpr  >fMt 
26;  dsp  'SEE  YOU  NEXT  TltiE'serd 

27 1  •  uxmavaiiiaKxavMHMikVVKMWia* , 

28.  'AXES' I 

29.  scl  -12N,6SN.-A/8,1.05A 
30i  axe  0.0. 60. A/10 

31i  cslz  l.S.l.S.l.Oifxd  Oifor  1*0  to  tOiplt  •7N,IA/t0,>l 

32i  fxd  Oilbl  IA/10,next  I 

33i  pit  25N, -A/10, -lilbl  'Time  (.nln)' 

34i  for  I-O  to  65N  by  60iplt  I-N, -A/20,-1 
35.  fxd  0|lbl  1/69 1  next  I 
36i  cslz  1 .5,1.S,1 ,90|fxd  0 
37i  pit  -lOH, A/4,-1 

38i  Ibl  *C0  Release  Rate  Zg/min/m  7'tp«a 

39t  cslz  1,1. £,.77, 90, pit  -ION .A/3. 4, -1 , Ibl  '2', pit  -10. 5N. A/1. 28  -l.lbi  '2* 
40.  ret 

41i  'CACL'.OID 

42i  'xx5eo2*}Wt(31 

43t  Wt(l)>W«C3,l,len<Mt[l]}] 

44,  assn  Ut(31,2,0 
45i  sread  2,rta],G4 

46i  for  K-1  to  MNiCitf (&t(2K-l,2KI)/i0000)''10-9>GIKlinaxt  K 
47 1  'THIS  CALIBRATION  IS  mVJX'i 
•48i  ssb  'ONE', If  AC12]-2,ssb  'TWO*, If  AI12I-3,ssb  THREE' 

49i  If  CC2)#0,Gt2l>Xrfor  i>l  to  NNfOr 11 -X>Gt 1 1 , next  I 
50i  for  I-l  to  HN,lf  G[n>?,G(II>Z 
,  51.  next  I,nrt  'Max  C02',spe  ,fml  f6.2,5x,*X* ,art  16, Z 
52 1  J  ap  2 

53.  'TEMP  EFFECT  AIR  FLOW  ITiaJ*. 
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S4i  for  !•!  to  liM|298)T|reat  I 

SSi  for  1*1  to  piN|G[ll/100«A(4]/4>le3M4/.08205/T/A[?)}CtI1|n*xt  I 
58i  max(G[»))>Z 

57i  If  Z<5000|5000}A|tf  Z<2000|2n00>A| If  Z< t 000 ; 1000>A ; if  Z<S00|500>A 

59i  If  Z<200|200>Aiif  Z<100|100>AMf  Z<50|S0}Aiif  Z<20i20>A 

59i  If  Z<t0|10>A|if  Z<l|l>Atif  Z<.l|.l>Atlf  Z<.01|.01>A 

60i  fat  f6.2,x,*9/iiiln/.ii*2*fwrt  IG.Zispc 

61i  for  1-2  to  MN|(G[Il*Gri-l]}a60/M/2/60«r>D|.i«xt  I 

62i  if  U-li3to  *10 

63i  0>G 

64i  for  1-1  to  MN 

65i  if  0(Il<-3tp-'t  l,*G{Il-*,Gri]<9pc  tO>G[IltG*t>Gtif  G>10istp 
66i  ftl  ((6(11*6)“. l*10000>}Gtf2l-1.2Il>next  I 
67>  'xxscoZ'lWttfl 
63i  U«(l)>U«(4,l,len(M<Cin) 

69i  open  Mtr41,6 
70i  asgn  Ut(4],3,0 
71 1  aprt  3,G*,*end* 

72 1 

73r  ret 

#74i  'Time  Delay  Correction  Used  Before  6/1 '80* i 
•7Si  for  I-l  to  MH'17| I*17>K,plt  6CI/H,G(ri . -2|next  lipentret 
76i  'PLOT*. for  I-IO  to  MN;plt  60(T -9'> /M.Gm  . -2  >  next  Iipen 

77,  for  1-MN-lO  to  MN  iGlMNDGC  1  )  ,pl  t  601  ^M,G[  1]  ,-2|neTt  I«pen,ret 

78,  •LABLE'.csla:  2 , 1 . 5, 1 . 0  iplt  3N,-A/G,-1 

79,  Ibl  'Pig.  Carbon  Dioxide  Release  Pate* 

80,  fxd  Oiplt  40H,A,-!,lbl  •RUN  /'.AdOl 

81,  cslz  1 . 5 , 1 .5,1 ,9( f xd  0 

82,  pit  40N,.95A,-l|lbi  B« 

33,  pit  40H,.8SA,-l,lbl  *MAX!MUM  RATE* 

84,  fxd  0,plt  40N..3A,-t|lbl  Z,*  g/min/ai  * 

8Si  cslz  1,1. 5,8. 5/11,0, iplt  -N, . 015A,1 ,lbl  *^*,csiz  1.5, 1.5, 1,0 
36,  pit  40H,.7A,-l,fyd  2, Ibl  *total  released* 

87,  fxd  0,plt  4nH,.65<».-l,lbl  0,*  g/M  * 

88i  cslz  1,1. 5, 8.5/11,0, iplt  -N, .  015A , 1 , Ibl  *2*,csiZ  1.5, 1.5, 1.0 

89,  pit  40N,.55A,-! ,fxd  l,lbl  *beet  flux  * 

90,  fxd  liplt  40N,.5A,-l,lbl  All],*  w/c»  * 

91i  pit  40N,.4A,'l|lhl  'Sample  area  * 

92,  fxd  5. pit  40N,.35A,-l,lbl  A[2J,*  m  * 

93,  cslz  1,1  5,8.5/11 ,0 

94,  pit  53H,.riA,-l,!bl  *2* 

95,  pit  54.3N,.36A,-l,lb!  *2* 

96,  peniret 

#97,  *0NE*,for  T-1  to  MN, . 031095* . 003916G( ! 1  * . 000205Gt I ]“2>6( 11 
•98,  . 031095* . 0039162(51*. 000205Z(5}*2>Z(5} |G( 1 1-Z(51>G( 1 1 , next  I ,ret 
•99,  *TH0* 1.028207*. 003622(51 *.0001 096Z(5]*2>Z[5] 

•100,  for  I-l  to  MN,.  028207*.  00362G[  I  J*.0001096G(  1 1*2>6(  11,6(1 1-Zt5].'f>:n 
101,  next  l,ret 

•102,  *TNREE*, .0013263*. 0034007Z(51*.00001575Z(5]*2>Z(5) 

•103,  for  1*1  to  MN, .0013263*. 00340076(11*. 0000157SG(I1*2>G(I1,G(I1-Z(5*>6(I 
104,  next  I, ret 
■17322 
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Oi  “HCN  R^ltase  Pate'i 

It  fiPt  16k>«wrt  l&.31.31.31.31.31,31,31.31.31.31.31.31.31.3t,31.31|9pc 
2i  prt  'HCM  Relea«e  Pate'ispc 
3i  dsp  *  HCN  Release  Rate  'iwait  300 

4i  dim  AllS1.A<(81.B«(201,ESI61,rttoKI1.N. NOUS. 151, MOtlSl 
Si  Jim  UtdS.lSl 

6i  enp  o*  run  in  J j sk Cl ,2. .Mill ) 

7i  ent  'Has  this  data  been  plot  before?*, U 
8i  dsp  'Have  your  plotter  ready!  Cont.*|9tp 
9i  'xxxlnf  >M$t21 
lOi  Ut(:]lMS[2.1,lenC'<ltCl])] 

Ilf  drive  0 

i2t  assn  U«r2].t,0 

13i  sread  1  ,P [« 1 , At ,Bi , Ei ,F< ,M.N ,N«r IS] .M* 

14i  dsp  '  RUH/'.Atl0],".8t,*',Atjwait  1500 
15i  f«d  Oiprt  'Run4« ' , At  10 1 ,Bt , At jspc 
16i  dim  ZriO 1 ,Gtr2nNl tdim  OCMHl 

I7t  dsp  * . yOKICING . 'jgab  *CACL* 

t8t  9sb  'AXES' 

19i  gsb  'PLOT' 

20i  3sb  'LAPLE' 

21i  ent  'ANOTHER  RUH?*.X,if  flslSigto  *3 
22i  dsp  'CHOOSE  PROCPAM  FROM  S.F.rEY* 

23i  stp  :gto  -1 

24.  fmt  16b|wrt  18 .31 ,31 ,31 ,31 , 31 ,31 ,31 ,31 ,31 ,31 ,31 ,31  31 ,31 ,31 ,31 t spc 

25.  dsp  'SEE  YOU  NE'-CT  TIME' i end 

26.  •■»**»«»■**•■»«««•■«*««■»■»■»»• . 

27.  'AXES'. 

28.  scl  -12N.65N. -A/8,1 . 05A 

29.  axe  3. 0,60, A/10 

30.  csl*  1.5,1.5,1 ,0|fxd  2|for  I-O  to  lOiplt  -7H,IA/10,-1 

31.  Ibl  lA/lOinext  I 

32.  pit  25H,-A/l0,-l»;bl  'Time  <a.in>* 

33.  for  1-0  to  65N  by  COtplt  I-N, -A/20,-1 

34.  fxd  Oflbl  I/60|next  I 

35.  tail  1.5,1.5,1,90 

36.  pit  -lOH, A/4,-1 

37.  Ibl  'HCN  Release  Rate  ^g/mln/w  }*ipen 

38.  csix  l,1.5,.77,90ipl'  - 10.5H, A/I .31 , -1 i Ibl  *2'ipeniret 

39.  'CACL'.OIO 

40.  ■xx6hcn*}MtI3] 

41.  MtIll)Ut[3,l,lenCWttl]}l 

42.  asgn  Ut[31 ,2,0 

43.  sread  2,ZI»1.Gt 

44.  for  r-1  to  MNiCitf rG;[2K-l,2Kl}/l00O0}*10-9>G[Klinaxt  K 
#45.  'THIS  CALIBRATION  IS  mVlppm*. 

•46.  -.9017671-.9986752«Zr6}-.010906aZI6]*2-.000134HZI61‘‘3>ZC61 
47.  for  K-1  to  HN 

•48.  -. 9017671 -.9986752«8[K]-.010906aGIKl*2*.000134*GCKl*3>OtKl|6tt:] -7181 >6IK1 

49.  next  K 

50.  for  J-1  to  5»for  I-l  to  MN-2 1 CGI 1 1'GII *1 J'GI I *21 > '3>H 

51.  H>Cri*l]|nest  Imcxt  J 

52.  for  I-l  to  MNilf  CM ]/lc4>7|GI I ]/le4>Z 

53.  next  I iprt  'Max  NCN'ispc  |fmt  f6.2,5x, *X* tort  16, Z 
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54 1  Jp>p  2 

55f  'TEMP  EFFECT  AIR  FLOW  FTC-1*. 

56i  for  I-l  to  MN|CtI],'te6»At4]/4»le3«27.03/.08205/298/AI2]>Ctninevt  I 

57i  OlZifor  1-1  to  MN,if  GflJFZtGrnFZ 

58i  iiext  I  jfmt  f<7. 2  ,x  ,  •9/min/m*2*  jwrt  IS.Zispc 

59t  for  1*2  to  MNj<Gtll*G[r-ll)»60/M/2/G0*D>Ojnext  I 

60i  if  Z<5000t5000>A;if  Z<'2000|2000FA| if  Z tlCOO i tOOOFAi If  Z<590{500>A 
61t  if  Z<200|200>A;if  Z<100|100>A> if  Z<50|50>Aiif  Z<20|20}A 
62i  if  r<13tlO>Aif  Z<isl>A 
63i  if  :<l-l»9to  *7 

64.  for  I-l  to  MNiif  Gill  <-6i -5 . 999>Gm 

eS.  ftl  {(Gin«6)“.l*10000)>G*I2I-l. 211, next  I 

66 1  •xx9hcn*>U<C4: ,Utf 1]>W<I4,1 ,lenCW$Ill>] 

67>  open  MfI4],6 

68.  aagn  U«I41,3,0 

69.  sprt  3,Gt,*-r.d* 

70.  ret 

71.  'PLOT*. 

72.  for  1-4  to  MNiplt  60( 1 -3F/M,Gr 11 , -2 , next  I 

#73.  for  I-MH-4  to  MN,plt  601 /M.GIWMl , -2 , next  1, pen, ret 

74.  •LA9LE*.c3i*  2 , 1 . 5 , 1 . 0 , p 1 t  3N, -A/6,-1 

75.  Ibl  'Fig.  HYDROGEN  CYANIDE  RELEASE  RATE* 

76.  fxd  0,p!t  40N.A.-l,lbl  *RUN  -’.AClOl 

77.  csiz  1.5, 1.5, 1,0 

78.  pit  40H, .95A,-1 jlbl  Bt 

79.  fxd  2, pit  40N,.8*«,-l,ltl  'MAXIMUM  RATE* 

80.  pit  40N> .8A,-1 jlbl  Z,*  g/min/m  * 

81.  calz  1 ,1.5,8.5/11,0, iplt  -H, . 015A , -1 , Ibl  ’Z'scilz  1.5, 1.5, 1,0 

82.  p’t  40H,.'A,-l,fxd  2, Ibl  'total  released* 

83.  pit  40H. .65A.-1 ; Ibl  0,*  g/a  * 

94.  cslr  l,1.5,8.5/ll,0,lplt  -N , . 015A , -1 , Ibl  *2*,cstz  1.5, 1.5, 1,0 

85.  pit  40N, .55A. -1 t fxd  l,Ibl  'beat  flux  * 

86.  fxd  liplt  40N..5A.-l,lbl  Afll,*  w/ca  * 

87.  pit  40H , . 4A , - 1 5 1 bl  'Sample  area  * 

88.  fxd  5, pit  40M,.35A.-lilbl  ACE),*  m  ' 

89.  csiz  1,1.5,8.5/11.0 

90.  pit  53H..51A,-l,lbI  *2' 

31.  pit  54.3N, .36A.-1 , Ibl  *2* 

32.  pen, ret 
■23403 


0.  *02  Depletion  Rate*. 

1.  fat  IGbiwrt  16,31 ,31 ,31 ,31 ,31 . 31 ,31 ,31 ,31 .31 ,31 ,31 .31 ,31 .31 ,31 , ape 

2.  prt  *02  Depletion  Rate'.spc 

3.  dsp  *02  Release  Rate*, wait  300 

4.  dim  Ari5),A«(3].e<(20),EtC61,F»[61.M.N.N«tl5,151,H*rt51 

5.  dla  Mt[15,15I 

3.  enp  •#  of  run  in  di  ak  (1 . 2. .  F')- .MO [ ;  j 

7.  ent  *Haa  this  been  plotted  before^'.W 

8.  dap  'Have  your  plotter  read/'  Cont.'tatp 

9.  'xxxinf •}M4r21 

10.  Wttl))W$t2,l,:en(W$tl)F) 
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Ill  drive  0 

12i  assn  U«(2),l ,? 

t3i  sread  1 .Atal .A< .Bt .E« .F« ,M.N.N«C151 ,H$ 

14.  dap  ‘Run#-* .Ar :01 ■.Bt.AAiwalt  ISOO 
ISi  fxd  Oiprt  *Run4» • , Al 1 0 1 ,Bt , AA jspc 
16i  diRi  Z[10].Ct(2MN]tdlM  G(MN1 
J7i  32*128>C 

18i  fmt  12b, 'MORKINC* ,12btwrt  0,C.C.C>C,C.C,C.C.C.C,C,C,C.C.O.C.C.C,r  T.C.C 
19i  9sb  'CACL* 

20i  95b  ’AXES* 

21i  95b  ’PLOT* 

22.  gab  'LASLE* 

23i  ant  'AHOTHER  RUN^'.Xjif  flglltglo  *3 

24.  dap  'CHOOSE  PPOGRAM  FPIM  S.F.KEV 

25.  stp  jgto  -1 

26i  fmt  IGbtarl  IE ,31 ,31 ,31 .31 .31 ,31 ,31 ,31 .31 ,31 >31 >31 ,31 ,31 .31 ,31 ; sp' 

27.  dap  ’SEE  VOU  NEXT  TIME’;end 

28.  'aaaaaaaaaaaaaaaaaaaaaaaaaaaaa* , 

29.  'AXES*. 

30i  acl  -:2N,6SN.-A/6,1.0?A 
31 1  axe  0,0, 60, A/10 

32.  call  1.5.1.5,l,0.f*d  Ojfor  1-0  to  10, pit  -7M,IA/10,-1 

33.  fxd  Otlbl  !A/10,n«xt  I 

34.  pit  25N. -A/10, -Ijlbl  ’Tiaa  C»l»>* 

35i  far  I-O  to  6SN  by  60iplt  1-N, -A/20,-1 

36.  fxd  Oilbl  r/eOtnext  I 

37.  caij  1.5, 1.5 .1,90, fxd  0 

38.  pit  -ION, A/4,-1 

39.  Ibl  *0  Depletion  Rate  Cg/aln/m  7*, pen 

40.  call  1,1. 5, .77, 90, pit  -ION ,  A/3. 6, -1 ,  Ibl  *2*, pit  - 10. 3M,A/1 . 22 , -1 . «  *2* 

41.  ret 

•42.  *060'.*. 0>0 

43.  •xx7o2*>M$r31 

44.  U$(11>H«(3,l,len(U«(ini 

45.  aagn  H«C31 .2,0 

46.  aread  2,Z[xl,C$ 

47.  for  X-1  to  MN;Cltf<G$r2K-l,2Kn/10C005*10-9-ZI7j;GrrJ,naxt  K 

48.  for  I-l  to  HN.Gl n/40*2:>Cl Ilinext  I 
43.  jmp  2 

50.  'TEMP  EFFEST  AIR  FLOW  ITiaj*. 

51.  for  I«1  to  nNiZl-GiniGtlltnext  I 

52.  for  I-l  to  MN,Gri}/100aAI4]/4aic3ir32/.03205/298/AC2I>GIIlinext  I 

53.  'Smootblng  '. 

54.  for  J«1  to  4 

55.  for  1-1  to  MN-4,(CII1*GCI*ll*G(I*21«GII*31«Gri*41}/S>6tI*21tr.axt  T.naxt  J 

56.  0>?tfor  I-l  to  MN.lf  6ni>Z|G(IJ>Z 

57.  next  Itprt  ’Max  02*tapc  ,fat  f6.2,x,*g/mln/in*2* lart  16,Ziapc 

58.  for  1-2  to  Mr'tCGIl ]*C(1-l])a60/M/2/60*D>0,ncxt  I 

59.  if  Z<5000,5000>A,if  Z<2000 |200Q)A, i f  ZtlOOO , lOOOlA, i f  ZtSOOiSOOlA 

60.  If  Z/200,200>A 

61.  i'  Z/10,10>A,lf  Z/l,l>A,if  Z<.lfl>A|if  Z<.0t,.0t>A 

62.  if  M-l,gto  *7 

63.  for  I-l  to  MN,lf  At  11 <-6, -5 . 999>6r 1 1 

64.  fti  (fGIll*6)*. lxlOOOO>>Gtt2I-1.2II|ncxt  I 


m 


65 •  ■xs9o2*>M«(4] tH»ril>U»I4.1 .IcnCMIfl 1) ] 

66i  open  Utr4].6 
67i  assn  U«f4]  3,0 
Ml  sprt  3.Ct,*cf»d* 

69i  ret 

#70i  *Ti»c  Delay  Correction  Used  Before  6/1/80* i 

•71i  for  I«1  to  ^tN-?l|!*^l>K|plt  BOI/M.GtKl , -2|next  Iipeniret 

72,  •PLOT*, for  1-6  to  MH,plt  60( I -5) /H,C( I ] . -2 ,next  Iipen 

73,  for  l-MH-6  to  MHiOtMNl >61 11 ,pl t  601 /N.CI I ] ,-2inext  lipeniret 

74,  'LABLE'icaiz  C . 1 . 5 . 1 ,0 ; pi t  3H.-A/6,-t 

75,  Ibl  'fig.  O&ygen  Depletion  Rate* 

76,  fxd  Ojplt  40N.A.-islbl  ‘RUN  /‘.AllOI 

77,  caiz  1 .5,1.5.1 ,0|fxd  0 

78,  pit  40N..95A.-l;lbl  8* 

79,  pit  40N,.8SA.-l,lbl  ■MAXIMUM  RATE* 

84,  pit  40N..8A.-i{lbl  Z.*  g/ain/a,  * 

81,  csiz  1.1.5,8.5/11 ,0| Iplt  -N,.015A.-l,lbl  *2*,eslz  1.5, 1.5, 1.0 
82:  pit  40N..7A.-l|fxd  2|lbl  'total  depleted* 

83,  fxd  Ojplt  40H..65A,-l|lbl  0.*  g/o  * 

84,  calz  1.1.5,8.5/11.0, iplt  -l>. . 015A. -1 , Ibl  *2*, csiz  1.5, 1.5, 1.0 

85,  pit  40N..S5A.-l,fxd  l,lbl  'beat  flux  * 

66,  fxd  liplt  40N..5A.-l|lbl  AIll,*  %»/cm  * 

87,  pit  40N,.4A,-l,lbl  'Saaple  area  * 

88,  fxd  5, pit  40N..35A.-l,lbl  Af2J,*  n  * 

89,  csiz  1.1.5,8.5/11,0 

90,  pit  53N,.51A,-l,lbl  *2* 

91,  Fit  54.3M,.36A,-l)lbl  *2* 

92,  pen, ret 
>12789 


0,  'TOTAL  HYOaOCARPOH  *, 

1*  fat  IGbiwrt  16,31,31,11  31, 31. 31, 31. 31. 31, 31, 31, 31, 31, 31,31. 31sspc 

2,  »-t  'TOTAL  HYOROCARBOM  'jspe  2 

3,  <r>^p  'Total  Hydrocarbon'.^wit  900 

4,  dia  A(15],A«(81.B«(201.C0r6I.r«r6:,M.N,N»[15,15'.,M»tl5> 

5,  dim  Ht(lS,15] 

6,  enp  ■>  of  run  in  di  ak  <1 ,2. .  ,M0t  1 1 

7,  ent  'Has  this  been  plotted  before?*, H 

8,  dip  'Have  your  plotter  ready*  Cont.'istp 

9,  'xxxinf ■>M«[21 

10,  MtIll>U0I2.1,len(M«(l}>I 
111  drive  0 

12,  aagn  H«C2],1.0 

13,  sraad  1  .AO)  ,  At  .80  ,E$  .Ft  .M.H.NttlSl  .M« 

14,  dsp  'Ron/*  ,Ari0] ,"  ,8t.At,.,ait  1500 

15,  fxd  Ofprt  'Run/** ,At 1C  1 ,Ct ,At fspc 

16,  dla  2(10>,Gt(2MN>,dla  C(MNl,Hr300) 

17,  dia  TtrZMMl 

18,  dsp  ■ . MORKINC . 'igsb  'CACL* 

19,  gab  'AXES' 

21.  gsb  'PLOT* 

21,  qsb  'LABLE* 
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ANOTHER  RUN?',X|if  flglSisto  *4 


22i  ent  * 

?3i 

?4i  d»p  'CHOOSE  PROCRAM  FROM  S.F.  FEV 
25i  stp  ;9lo  -1 

26i  ImX  IC^iwrt  16.31 .31 .31 ,31 .31 .31 .31 ,31 ,31 .31 ,31 ,31 .31 .31 ,31 ,31 
27,  dsp  'SEE  VOU  NEXT  TlME'jstp 

38 1  •»*•«»««»■«>•»«■«*■«*#»)■**■«««*«■■■«•••«•  t 

29,  ‘AXES’, 

30,  9cl  -12H,65H,-A/6.1.n5A 

31,  axe  0.0, 60, A/10 

32,  C917  1.5  1.5,8. 5/11, Ojfxd  0,for  1-0  to  lOiplt  >7N,XA/10.-1 

33,  fxd  Otlbl  lA/lOinext  I 

34,  pit  25M. -A/10, -Ijlbl  ‘Tiwe  fii,in>* 

35,  for  I-O  to  65H  by  60jplt  I-N, -a/20,-1 

36,  fxd  Oilb;  I/60;rext  I 

37,  C5l7  1.5.1.5.1,30)fxd  0 

38,  pit  -ION, A/4,-1 

39,  Ibl  *THC  Release  Rate  Cg/min/m  >*ipen 

40,  cai*  1 .1.5, . 77,90if It  -10. 5N. A/1 .31 , -1 , Ibl  •2‘ 

<1.,  peoj^'et 

•42.  ‘CACL'.OO 
43,  ‘xxShc’lWttSl 
44:  U<C11M.'«(3.1  .len/WtrilM 

45,  drive  0 

46,  aasn  M«t31,2,0 

47,  aread  2,2(41,0$ 

48,  for  K-1  to  MHi  ( itf  <^'i$(2K-l,2KJ)/10000)*10-9tO[Kl  jnext  X 
•49,  ‘THIS  CALIBRATION  IS  wVlppm’, 

•SO.  -21. 852*20. 3352(81 *.01433*2f81“2>2r8J 

•  51,  for  I-l  to  MHi-21.3S2‘20.335G(n*.01403»6m*2>GriJ|Oin-Zr8J>Gl»l,'^ext  ! 

52,  for  I-l  to  MHjlf  G(n>2,Gril}Z 

53,  next  liprt  ‘Max  TH",apc  ifwt  f6,4x,‘pp«*  jwrt  16, Z 
54  ,  J  «»p  2 

55.  Idf  12.T(«1 

56:  for  1-1  to  MN , 298>Ti next  I 

57,  for  I-l  to  nN;C[n/le6»A(4I/4»le3»16/.0e205/T/Ar2}>Gni(n«xt  I 

58,  0’2,for  Z-1  to  MH:ir  GtIl>2|G(n>Z 

53,  next  Iffmt  f6. 2 , x , 'g/*! n/.n^P*  jwrt  IG.Ziap? 

60,  for  1-2  to  riH,(Gtn‘Gri-lJ)*60/M/60/2*D>0jnext  I 

61,  If  2<5000|5000>A, if  Z<2000 j 2000IA, if  Z<1000fl000>A| If  Z<500|500>A 

62,  If  Z<200|200>Ajif  Z<100 , lOOIAi If  Z<50i50>A»lf  2<20|2P>A 

63,  If  Z<10tl0>A|if  Z<lil}A,lf  Z<.l|.l}A|lf  Z(.01|.01>A 

64,  If  W-ligto  *7 

65,  for  I-l  ta  MN,lf  01 11 <-6i -5.999>6l I J 

66,  fti  CfGdl’G)*.  1*10000' >G$(2I-l,2IJ»i*ext  I 

67,  ■xxrhc‘>W$(41  iMKlllMf  (4 , 1  ,  IcnCHOCm  1 

68,  open  U$t4],6 

69,  aagn  W$(4] ,3,0 

70,  aprt  3,G$,‘end‘ 

71,  ret 

72,  ‘PLOT’ifor  I«10  toMHiplt  60<f-9)/M,Gl 1 1 , -2inext  Iipen 

73,  for  1-MH-lO  to  MHtplt  601/M, G(MNJ ,-2|n«xt  Iipeniret 

74,  for  I-l  to  300|G(Il>H(ninext  I 

75,  If  M-li0to  *6 
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76i  for  I-i  to  300|fti  C CHC 1 1 *e>*. laiOOOO) }Tt ( 21 -1 ,21] j next  I 

77  •  •xxhhc«>U*l5]  .lenfUtim  I 

78>  open  WtrSI,6 

79i  asgn  Ul(51.4,0 

80i  sprt  4,T*,*end* 

31 1  ret 

82.  '(.ABLE*  IC91Z  2 . 1 .5 . 1 .0  ,pl  t  2.  SN, -A/?  . -1 
93.  Ibl  TIG.  TOTAL  HVOPOCARBON  RELEASE  RATE’ 

84.  fxd  Oiplt  40N.A.-l:lbI  ’RUH  4*,Ari0] 

95.  csii  I. f!, 1.5, 1.0 

86.  pit  40N,.95A, -l.lbl  9« 

87.  pit  40H,.85A,-1 ilbl  ’MAXIMUM  RATE* 

88.  pit  40H.  .8A.-l,fxd  0,lbl  Z,’  g/win/nt  ’ 

89.  csij  1 ,1.5,8.5/ll,0.ip:t  -N, . 015A,-1 , Ibl  ’2’iC9l*  1.5, 1.5, 1,0 

90.  pit  40N,.  7«.-l  ilbl  ’Total  i^eleased* 

91.  pit  40H..65A.-l,lbl  0,’  o/m  ’ 

92.  csl2  1.1.5.8.5/ll,ntiplt  -N. . rtl5A,-l j Ibl  ’?’iC9lz  1.5, 1.5. 1,0 

93.  pit  40N..5*^A,-l;fxc'  lilbl  ’HEAT  FLUX  ’ 

94.  pit  40H..5A,-lilbl  A.'ll,*  w/c«i’,fxd  S 
95-  pit  40N , . 4A , -1 5  lb  1  ’Sample  aree  ’ 

96.  pit  40H,.35A,-l|lbl  At2J,’  m  • 

97.  C9W  1. 1.5, 9. 5/11, r 

98.  pit  52.8N,.51A,-ltlbl  ’2’iplt  54N . . 36A , -1 | Ibl  ’2’ 

99.  pen  I  ret 
■2934 


Oi  ’Sample  Temperature  *. 

1.  fmt  16biwrt  16 .31 ,31 ,31 ,31 , 31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 .31 . 31 ,31 »sp 

2.  prt  ’Sample  Temp  ’tape  2 

3.  dap  ’Sample  Temperature’ )«tait  900 

4.  dim  AdSl .A$t81 ,81120} ,E«C6] .rtiei.N.N, NtllS. 151 ,M0[151|dim  Htllf  1*1 

5.  erp  ’a  of  run  in  dl  alt  (1  ,2. .  )7’ ,W4[1  1 

6.  ent  ’Haa  this  be*n  plotted  before?’, W 

7.  dap  ’Have  your  plotter  ready*  Cont.’.atp 

8.  ’xxxinf ’)W«t2’ 

9.  h|S(ll>H«I2,l,  lenCUttlDl 

10.  drive  0 

111  aagn  UII21.1,0 

12.  aread  1 , A( a ] , At , B< .Et ,Ft .M,N .Ntl 151 ,Mt 

13.  dap  ’R'JH#’ ,A(101  ,’  ’,9t,’  ’,At|.eeit  1500 
I4i  fxd  0:prt  ’Ru n/* ’ , AC  10 1 ,80 , At | ape 

15i  dim  HCMNl 

16.  dim  ZClOl.OtrZMNl 

17.  dap  ’ . MORXIHO . ’igab  ’CACL’ 

18.  gab  ’PLOT’ 

19.  ent  ’ANOTHER  RUN?’,A|lf  flgl3igto  «3 

20.  dap  ’CHOOSE  PROGRAM  FROM  S.F.KEY’ 

21.  atp  igto  -1 

22.  fmt  IGbimrt  16.31.31,31.31,31.31,31.31,31,31.31,31.31,31.31.31 

23.  dap  ’SEE  YOU  NEXT  TIMC’iatp  lend 

24.  gab  ’PLOT’ 

25.  ’PLOT’. 

26.  acl  -12V, 658,50,1550 
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?7i  aie  0.?SP.60,150 

28 T  cstx  l.S,l.S,1.0|fxd  0 

eSi  for  1*2^0  to  1500  by  150|plt  -8N.I.-l|lbl  'ineat  I 
30:  pit  25H.145.-l$ 'bt  'Time 

31i  for  1>0  to  65N  by  60, pit  I -N,200 ,-l i Ibl  1/60, n«xt  I 

32i  r^ii  1.5, 1.5.1. 30, fad  0 

33i  pit  -ION, 550,-1 

34 1  ibl  •Temperature  ?K)" 

35i  for  I«1  to  MNtplt  60 1 /M ,M[ 1 1 , -2 , next  I,pen,gto  57 
•36i  •CACL'. 

37.  •x<9t-m*}W$l31 

38,  U$ri]>Ut[3.1, lenCUttll) 1 
39i  Bsgn  M«r3],2,0 

40i  sread  2.Z(al.0* 

•41 •  - . 0093421 *24. 7967789532193 -. 02615333Zt91»2JZt 91 
42i  *or  1*1  to  MN 

43i  Cltf fD*C21-l ,21 :)/10CCO)*10-9>MtIl 
•44  I  -  .  0098421  *24 . 796778953111 13-.  02615333Mf  n*2>M:  I  3  ,MI  1  3-2193  IWt  1 1 
45i  Ml  I 3«273. IIMI 1 3 
46t  next  I 

47i  Tront  Temp  o*  Sample  in  deg  K  >f21*< 

48f  if  U«iigto  *7 

49i  for  I-l  to  MN,if  MI  1 3 < -6 , -5 . 9991H I  3 
50:  fti  <<MM  )*6)“.  lMl0OC0)>P«t2r-l,2n:Bext  I 
51 1  •xxmtem'}M«14]  ,W<Il}>Mtt4,l  .lenlMtClDl 
52 1  open  U<(41  6 
53,  asgn  M<(41 ,3,0 
54 1  sprt  3,Dl,*end" 

55,  for  1*1  to  MN,if  Ml  I 1>2,MI 1 3>2 

56,  next  Ijprt  'Max  Temp’ispc  ,  fmt  f6. 1 ,5x ,  * 'K*  :i:rr  t  16,2, ret 

57,  'lable*, 

58,  C9i?  2, 1 .5 , 1 , 0 ,pen 

59,  pit  3N, 50,-1 

60,  ibl  *Flg.  Bad  Saxiple  Temperature  • 

61,  1500}A 

62,  fxd  Oiplt  40N,A,-l,lbl  'PUN  ^'.AIlOl 

63,  cst*  1.5, 1.5, 1.0 

64:  pit  40N,.35A,-2  jlbl  B« 

65:  pit  40N..85A,-l5lbl  'NAXIMUM  TEMP* 

66,  pit  40N, .8A. -1 ,f xd  0,lbl  2,*  K* 

67,  fxd  liplt  40H,. 7A,-l,lbl  ’Heat  Flux' 

68,  pit  40N,.65A,-1  ,  Ibl  AIll,*  •,/c.x’ 

69,  fxd  5, pit  40N,.55fl,-l, Ibl  'sample  area* 

70,  pit  40N,.5A.-1: Ibl  A121.*  m  • 

71,  csl*  1,1.5,9.5/11,0 

72,  pit  53.5N, .66A,-l,lbl  ’Z'lplt  '5N,.51A,-l,lbl  'Z* 

73,  dsp  'END*, ret 
■12422 
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Cl  *NO-NOx  R-lcaa*  Rate  5/23/30  3Nl • . 

li  fmt  Idbiwrt  16.31.31 ,31 .31 .31 .31 .31 .31,31.31.31 .31 ,31,31,31 ,31i»p' 
2t  pr t  *N0-N0x  Re’eas*  Ratc*«spc 
3i  dap  *N0-NQx  Release  Pat-::*iwalt  300 

4 1  dim  Af  15  1,0118  J  ,B»  120  J.Et  f6l.ro  161, M.N, runs,  15),  M»  115  J.Tt  15  J 
5<  dim  Utll5.:51 

6i  enp  •#  of  njn  in  d\ si  ( 1 , 2.  .  J , W$t  1  J 
7t  ert  ’Has  this  beer,  plotted  befo'‘e?*,W 
8i  dsp  'Have  your  plotter  ready'  Cont.*|stp 
9i  ‘xxxinf *>Mtf 2) 
tO:  M<fl}}W«f2  1 . lenCUOf 1 }} ] 

111  drive  0 

12i  assn  W*I2],1.0 

13i  sread  ! . Al SI , At , 3t ,60 .Ft ,M, N ,Nt 1 15) ,M0 

K,  ’Mode'iEtlTt 

15i  *ppin  Ran^e*  ival  Crt)}R 

lEi  dsp  'Run#-*  ,Af  10)  ,  •  *  ,  Bt ,  A«  i«ia  1 1  1500 

17i  fxd  Oiprt  'Run/-* .AllO) .B«,At|spc 

18:  dim  ZriO) .Ctt2MN) (dim  GIMN) 

19i  32‘128>C)fmt  6b, "WORKINO* ,6bjmrt  O.C,C,C,C.C,C,C,C,C,C,C,C 
20i  gsb  'CACL* 

21i  gsb  -AXES* 

22i  gsb  ‘PLOT* 

23i  gsb  "'.ABLE* 

24i  ent  'ANOTHER  RUN'>*.X,if  flgl3jgto  «3 
25:  dsp  'CHOOSE  PROGRAM  EROM  S.R.KEY' 

26 1  stp  igto  -1 

27i  fmt  16btwrt  13 .31 .31 ,31 . 31 ,31 ,31 ,31 ,31 ,31 ,31 ,31 . 31 ,31 , 31 .31 .31 , sr 

28i  dsp  'SEE  YOU  NEXT  TWf,end 

29,  , 

30:  'AXES', 

31,  scl  -12N,65M.-A/6.1.05A 
32:  axe  0,0,60,0/10 

33,  2;Xiif  A>*l-,l>Xjif  A>-10,0>X 

34,  csiz  1 . 5 , 1 . 5 , 1 , 0 ! f xd  Xjfor  l-O  to  lOipJt  -7N,IA/10,-1 

35,  Ibl  IA/10«next  I 

36,  pi:  25N, -A/10,-1: Ibl  'Time  <min)' 

37,  for  :-0  to  65N  by  60jplt  T-H,-«/20,-l 
38:  fxd  0(lbl  I/60|next  I 

39:  csiz  1 .5,1.5,! .90, fxd  0 

40,  pit  -lOH, A/4,-1 

41,  if  Tt«'NOx',lbl  'NOx  Release  Rate  Cg/min/m  )'5pen 

42,  if  Ttr'MO'ilbl  'NO  Releese  Rate  (g/mln/m  )',pen 

43,  csiz  1,1. 5, .77, 90, pit  - 10. 75N ,A/1 . 32 , -1 , Ibl  '2' 

44,  ret 

•45,  'CACL*:0>0 
46,  'xxl0no'>Wtf3) 

4'’,  Mtfl]>WtI3,l,lenCl4tfl])l 

48,  ssgn  Mtl3],2,0 

49,  sread  2.Zf«l,Ct 

50,  for  X-l  to  MN,  (itf  <G«t2K-l  .Z^D/lO^OOT-lO-S-ZtlODGlKl  .next  K 

51,  for  )•!  to  MN,RaGf I]aAf4]»30/<4aie4«.08205a298aAr2])|Of l],naxt  1 
52:  0'Z,for  1*1  to  MNilf  Gf I )>Z,Gt I ) >Z 

53,  next  ' 
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54i  If  Tt-*HOx’i?rt  ’Mb*  NOx'ispc  |f«t  f 6.2 ,x , ‘s/iM  n/m-?* i w  t  16,Z|Sr 
55:  If  T#**NO'  iprt  "Mb*  NO’iapc  f6.2.ji,*9/i»in/"*2’ iwrt  16.Z«9pc 

56:  for  1-2  to  M:«i<GlH«GtI-in*G0/M/2/60*0f0;Be*t  T 

57i  if  ZCSflOOtSOOO'.  At  If  Z<2000  {2000>At  t  f  Z<1000|1000;  Ai  Z^500|500>A 

58.  if  2<£00i200>A;  If  ZCOOilOOAj  if  Z<50,50>A:lf  Z<?0j?0>a 

59.  If  2<10:10>A,if  2<l5l>A,if  Z<.1|.1>A 
6Ci  if  W-l;9to  *7 

61.  for  !-l  to  MN,if  etn<-6|-5.999>GCIJ 

62.  fti  (<GtIl«6)*.l»100005>G«t2I-l,2IJiT.ext  I 
63t  'xxsno'lUtt^]  ;l.lt[l]}Mtr4,l,len(UtCl]>l 

64.  open  Ut[4],6 

65.  Bsgn  Wtf4J,3,0 

66.  sprt  3, 6$, ’end’ 

67.  ret 

68.  'PLO-^*. 

69.  if  Et-'HOx*: jmp  3 

70:  for  1-8  to  MN,pli  60  Cl  -  7) /M ,Gt 11 , ,next  I 
•71.  for  I-MN-8  to  HH i Gf MN J IGf 1 1 , pi t  601 /M, Gf 1 1 . -2 s next  lipeniret 

72.  if  E$-*N0"ii»p  3 

73.  for  I-ll  to  PfN-lljpi:  60<I-ll)/«,GtIljnext  1 

74.  for  I-MN-12  to  MH ; G{ IHl >G[ 1 1 1 p 1 1  60 1 /M.Cl 1 1 . -2 1 next  I, pen 

75.  ret 

76.  'LABLE’.cslz  2 , 1 . 5 , 1 , 0 . pi t  3H, -A/6,-1 

77.  if  T*-*Mnx’,ibl  •  *^19.  NOx  Pelease  Rate* 

78:  if  T*-’N0*jlbl  *  Elg.  Mitric  oxide  Release  Rate* 

79.  fxd  0;?lt  40N,A,-ltlbl  'RUN  #*,A(101 

80.  csi;  1.5, 1.5,1  ?»fxd  0 

81.  pit  40N,.95-.,-lslbl  8* 

82:  pit  40H..85A,-ls Ibl  ’MAXIMUM  RATE’ 

83.  pit  40H..8A,-l)fxd  Sjlbl  Z,’  g/.nin/a  * 

84.  *xd  0 

85.  csiz  l,l.5,8.5/ll,0,iplt  -N , . OISA, -1 1 Ibl  ’2*jcsii  1.5, 1.5, 1,0 

86.  pit  40N, .7A,-1 I Ibl  ’total  released* 

37.  fxd  3tplt  40N..65A,-l|lbl  0,’  g/w  * 

88,  csiz  l,l,5,3.5/11,0uplt  -N,  .  015A . -1 1  Ibl  ’2’jesiz  1.5, 1.5, 1,0 
89:  pit  40N, .55A, -1 ,fxd  Ijlbl  "heat  flux  ’ 

90,  fxd  Ijpit  40N,.5A,-l,lbI  AMI,’  w/cm  * 

91,  pit  40N, . 4A,-1 t Ibl  ’Sample  area  ’ 

92,  fxd  5rplt  40N,.35A,-1 jlbl  AI2J,*  m  * 

93,  csiz  1,1.5,3.5/11,0 

94,  pit  53N,.51A,-l,Ibl  ’2* 

95,  pit  54.3N,.36A,-l,lbl  ’2’ 

96,  peniret 
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Oi  "HCL  RELEASE  RATE  11/17*. 

1.  prt  ’HCL  Release  R-ite’ 

2.  dim  A(151,A«[8],B«[20],F«r61,r«(61,M,M,Nttl5,15),M»M51tdlm  T«(4] 

3.  dim  bl»[15.151 

4.  ent  ’#  of  run  in  disk  Cl ,2. . )7* ,W0( 1 1 

5.  ent  *Ha'j  this  been  plotted  before7*,T0 

6.  dsp  ’Nave  /our  platter  reedy!  Cont.*,stp 


-166- 


7i  "vxxtnf •>W»r2J 
8i  ■xkHCL*>U»131 
9i  >len(UI«()  1)1 

lOi  Ut(1 1^Ut(3.1,len(M«(ll)) 

111  assn  l>ltC21 .1.0 

12i  sread  1 , t » 1  ,  A»  . B»  ,E«  , r$  M.H ,H* 1 151  ,M« 

13i  dsp  '  9ur./>*,A(10].a<>AO|«Miit  1500 

14<  ape  |fxd  Osprt  "Run*** , AC  101 ,B1 , A* i spe 

ISi  dim  Zr31 .GtrCMNI sdlr  XCt«Nl .YCMN) .MCMHl .UCHNl .VCHNI .P$C 101 
16i  if  Tt.'l*59s5  ’’Tr* 

17i  if  Tt«'l*,jmp  2 
18i  ssb  -DATA* 

19i  gsb  ‘CACL* 

20i  99b  "AXE?* 

21i  39b  'PLOT* 

22i  99b  ‘LABLE* 

23i  ent  •ANOTHER  R'JH7‘.X|if  fC3l3i9to  *3 
24i  d9p  •CHOOSE  PROGRAM  epoM  S.F.KEV 
25 1  9tp  isto  -1 

26i  fmt  iBbiwrt  16 ,31 .31 ,31 .31 ,31 ,31 ,31 .31 .31 .31 . 31 ,31 ,31 .31 ,31 j spe  '  ^ 
27i  d9p  'SEE  YOU  NEXT  TIME" tend 
28i  •AXES^r 

29i  9cl  -12N,65N,-A/6.1.05A 
30i  axe  O.O.GO.A'IO 

31:  C9ii  1.5.1.5,l,2ifxd  0,for  1-0  to  lOjplt  -7N,1A/10,-1 

32i  fxd  Oilbl  lA/lOirext  I 

33i  pit  251l,-A/lC,-lilbl  •Time  (min)* 

34i  for  I-O  to  BSM  by  60, pit  l-N.-A/EO.-l 
35i  fxd  9,lbl  I/60jr,ext  1 
36i  c»l?  1.5, 1.5, 1.30, fxd  0 
37:  pit  -IPH, A/4,-1 

38i  Ibl  •HCL  S-l-aae  Rate  Cg/min/m  )^,pe.n 
19i  csii  . .1.5, .77, 90, pit  -llH.A/l . 25 , -1 , 1 bl  ’2“ 

40 1  pen -ret 
•41:  •CACL^i 
42:  6001P 

43i  if  T$-*l*,gto  'MAX^ 

44i  for  I*l  to  P 

45:  •CDHCl  tsecimin*  :Y(  I  1«1 . 028431VC  1 1  ,X[  Il/eOlXCl  1 
46:  next  I 

•47:  *5n:l  reagent-,  Gas  Sample^  i5>V,45}G 

•48i  •HCLwt/vol  Cug/--:!  }3/m3>Xreagent  vol  (ml ) /gas  sample  volCmD^i 
949 1  •■a  i  rf  low(m*3/inin}  /are9(m*2)  }g/min/m^Z*  t 
50i  for  1-1  to  PjYCI  ]*l»V/G*(At4J/4)/A[2)>Wm 
51i  next  1 
52 1  'MAX^: 

53:  0>Z,for  I-l  to  P,if  U(n>ZtUnj>Z 

54 1  next  l,fxd  2,prt  "Max  HCL(9/min/m*2)-^ ,Z 

55i  enp  •MAX  V-Scale?^,A 

56i  0)0 

•'7f  for  1-2  to  P,  :WC  n*WCI-lI)/2M*0)0»next  1 
58i  if  T»-^l^,Jinp  2 
59:  gsb  TTI^ 

60i  pen, ret 
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61i  'PLOT*. for  I’l  to  P  plt  eOVX tl  1  .Mt  1 1  . -2 1 next  Iipemret 

P2.  ‘LACLE'icsir  2.1.5  l.Osplt  3N, -A/6,-1 

63i  Ibl  'Ei9.  Hydrogen  Chloride  Release  Rate* 

64i  fxd  Oiplt  4nM,A,-lilbl  'PUN  #',AtlO] 

65i  call  1.5,1.5.1.0|fxd  0 
66t  pit  40N,.95A,-l|Jbl  9* 

67i  pit  40N , . 9A, - 1 1 i bl  'Total  HCL  Released* 

68i  pit  40N, .8SA. |f xd  l|lbl  0.*  g/a  ' 

69.  csl7  1 , 1.5,8. 5/11,0. iplt  -fl..015A,-l|lbl  *2*10511  1.5, 1.5, 1,0 

70.  csiz  1.5, 1.5, 1,0 

71.  pit  40H,.7^A,-l.f*.d  Ijlbl  'heat  flux  ' 

72.  pit  40H,.7A,  ijlbl  Atll,*  w'cm  *|fxd  5 

73.  pit  40N, .eA, -1 ■ Ibl  'Saaple  area  * 

74.  pit  40N, .55A, -1 • Ibl  At21,'  m  * 

75.  csiz  1,1.5,8.5/11,0 

76.  pit  52.8N,.71A,-lslbl  '2'jplt  S4N, . 56A, -1 t lb!  *2* 

77.  penjret 

78.  'FT!'. for  1*1  to  600 

79.  fti  <(W[n«6)-.  lal0000)}G*r2I-l,2IJ 

80.  next  I 

81.  open  :i$t31,6 

82.  asgn  M«131,2,0 

83.  sprt  2,G$,'end* 

84.  ret 

85.  'DATA'. 

86.  ent  'Seqenoe^* ,p* 

87.  fmt  'SEQENCE. . . • .c2jwrt  16, PI 

88.  10>0 

89.  fmt  ,^2.0,x,'POINT*,wrt  16,0 

90.  fmt  *4  '  ,Cx  , 'sec*  ,2x  ,  •  lOfiug/al  *  jai  t  16 

91.  1>R 

92.  if  R  =  i  .OX[l].0}Yll]|0»l>DiIlE 

93.  for  I*1»E  to  0 

94.  ent  'Time  ( sec ) ?' , X t 11 i nex t  I 

95.  for  !»!♦£  to  0 

96.  ent  'sample  amount.?(  ni  "ug/ml  )  *  ,  VI 1 1 

97.  next  I 

98.  for  I-1*E  to  D 

99:  firt  ,f2.0,2x,f3.0,2x,f7,3|wrt  16, 1 -E  ,Xm  .  Vt  1 1 

100.  next  I 

101.  if  xrOJ<600)600>XtD»17|V[OJiYtO«lJ|D*l>0 

102.  for  I«1  to  0 

103.  if  XCI]>600|jmp  9 

104.  If  Ym^Cj.OOOOOODYtri 

105.  (XC  IlYt  I*ll-Xt  I«llYt  n)/(Xtn-XtI*l]3>A 

loe.  (Yi  n-v:  i*ii)/cxn  j-xn ♦! j)>B 

107,  for  T-Xm  to  XtI*lJ 

108.  T>UCT) 

109:  A*BUCT1>V[TJ 

110.  next  T 

111.  next  I 

112.  for  I-l  to  eOOiUtlllXtniVClDVCIlinext  I 

113.  ret 

114.  'ITF'i 
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ItSi  assn  U«r31 ,1 ,0 
116 1  sr'.ad  1  ,Ct 
117t  I-*l  to  £00 

113-  (Itf fC*f2I-l .2: ))/100C0}*10-6>Ur I J 

ii9i  i/eoixcn 

120>  next  I 


0,  ‘HF  HFLcF.se  PATE  II/lP*. 
li  prt  "Hr  Release  Rate* 

?i  dim  A(15].A*(8],Btt20],E«r6).F>t61.H.N,N«(15.151,H»I15]|dl«  T0r4] 

3i  din  MfdS.lSl 

4i  ent  of  run  .n  disk <1 ,2. . ^ , W*t 1 1 
5;  ent  *Has  this  been  plotted  before?*, Tt 
6i  dsp  'Have  your  plotter  ready!  Cont.'istp 
7i  "xxxinf "lUftai 
fit  •xxHF*'W*f3] 

Bi  Mt(l]>l>l<[2,l,len(M«[l]>? 
lOi  U<[l]>Mt(3.1,len(Utri)>l 

111  assn  M<r2],l,0 

12:  sread  1 , At  *  1 , At ,Bt ,£♦ 1 151 ,W» 

13i  spc  jfxd  Otprl  ’Run/* * . At  10 1 ,3t ,At I spc 

Ml  din  ZtlOi ,Gtt2NNl|din  XtMNl .VINNl ,MtMN] .UIGOOI ,Vt6«01 ,Pt[ 101 
15i  If  Tt-*l*,9sb  ’ITE* 

16i  if  T$-*l*,jnp  2 
17i  ssb  ‘OATA* 

18i  sab  *CACL* 

19i  S9t>  'AXES* 

20,  :ab  'PLOT* 

21i  ssb  ’LABIE* 

22i  ent  'Another  Run?*, v, if  flslSisto  *3 
23i  dsp  'CHOOSC  PROGRAM  FROM  S.F.KEV* 

24i  stp  jsto  -1 

25:  fnt  IGbtwrt  16, 31, 31, 31, 31, 31. 31, 31, 31, 31. 31, 31, 31, 31, 31. 31ispc  ■ ' '* 
26i  dsp  *SEF  YOU  NEXT  TIME'iend 
27i  ’AXES* I 

28i  if  2<lC0!l00>A,if  ?<50|50>Aflf  Z<'25j25>A»if  ZflOjlOlAjlf  Z<5j5>A 
29i  if  Z<2;2>A>if  Z<'1|1}A 
30i  scl  -12N,65N,-A/6,1 . 05A 
31i  axe  0,0, 60, A/10 

32i  cslz  l.T,1.5.1.0tfxd  0,for  I-O  to  lOiplt  -7H,IA/10,-1 

33i  fxd  lilbl  T'^/lOinext  I 

34i  pit  25N, -A/10, -1 , Ibl  •Tim#  (nin)* 

35i  for  I-O  to  65N  by  60iplt  I -N, -A/20,-1 
36i  fxd  0:lbl  1/60, next  I 
37i  cslz  1.5. 1.5, 1.90, fxd  0 
38i  pit  -10H.A/4.-1 

39i  Ibl  'HF  Release  Rate  (g/mln/m  1'tpen 
40i  cslz  1,1. 5. .77, 90, pit  -IIN, A/1 . 25 , -1 , Ibl  *2* 

41f  pen,ret 
•42i  'CACL*i600>P 
43i  if  Tt-*l*,sto  ’MAX* 

44,  for  I-l  to  P 
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45 1  vr  I  )■!.  0^70*5  >vt  M,;<m/60>Kin 
46i  next  1 
•47i  45>C|S>V 

•48i  *HFwt/vol(iJ3/«il>9/in3><krea9ent  volCaD/gas  feaxtpl*  vol(iil}*t 
49 1  *Ma  1  rf  I  ow(in*3/inl  n)  /area  (a*2)  tg/mt  n/M*2*  i 
SOi  for  I-l  to  P|Y(I]«laV/G«CAI41/4)/A{21>MIIl 
51 1  next  I 
52i  ’MAX*! 

53>  0>Z|for  1-1  to  Piif  |4[n>Z|MIinZ 

54i  next  I|fxd  2jprt  ’Max  HF<g/ain/»*2)“' ,2| ape 

55i  enp  'MAX.  V-9cale',A 

56i  0}D 

57.  for  :-2  to  P|  cur  i  1-U(  I-l})/2M«0>Dir.ext  I 
58:  If  Tl-'l',jmp  2 

59.  o9b  'FTI* 

60.  penjret 

61.  'PLOT'. for  ’•!  to  Pjplt  60X1 11  .MC  M  .-2)naxt  lipamret 

62.  'LARLE'.cai*  2 . 1 . 5 . 1 , 0 ,pl t  3H, -A/6,-1 

63.  Ibl  'rig.  Hydrogen  Fluoride  Release  Rate' 

64.  fxd  Oiplt  40N,A.-l|lbl  'RUN  /'.AIlOl 

65.  C9iz  1.5,1.5,l,0|fxd  0 

66.  pit  40N..35A,-ltlbl  Bt 

67.  pit  40N..9A.-l|lbl  'Total  HF  Releasad' 

68.  pit  40N,.8SA,-1 jfxd  lilbl  0,'  g/v  ' 

69.  calx  l,i.5,8.5/11.0iiplt  -H. . 015A . - 1 i Ibl  'Z'tcsiz  1.5, 1.5. 1,0 

79.  C9iz  1.5,1. 5. 1,0 

71.  pit  40N,. 75A,-l,fxd  l|lbl  'heat  flux  * 

72.  pit  40N,.7A,-l,»bl  Atll,'  w/cr>  'jfxd  5 

73.  pit  40H..6A,-l|lbl  'Sample  area  ' 

74.  pit  40N, .55A,-l,lbl  At21,'  m  ' 

75.  cslz  1,1.5,8.5/11,0 

76.  pit  52.8N, . 71A,-l,lbl  '2'jplt  54H, . 56A , -1 | Ibl  '2' 

77.  pentret 

78.  'FTI'.for  1*1  to  GOO 

79.  fti  (<Wtn*6)*.l*10000)>G$r2I-l,211 

80.  next  I 

81.  Wi:il}W$(3,l,len(W«rini 

82.  open  Mt[31,6 

83.  asgn  U«[71,2,0 

84.  sprt  2,G4,'end' 

85.  ret 

86.  'DATA'. 

87.  ent  'Seqence'>' ,Pt 

88.  fat  'SEQEHCE. . . ' ,c2jwrt  16, P$ 

89.  lOlD 

90.  fmt  ,f2.0,x, 'POINT', art  16, D 

91.  fmt  '4* ,2x , 'sec' ,2x , ' tonug/ml * twrt  16 

92.  1>R 

93.  If  R-l,l>X[l),0}Y[ll|0*t>0|l>E 

94.  for  I-1*E  to  P 

95.  ent  'Time  (9ec)‘>' .X(  1)  mext  I 

96.  for  I-l-E  to  0 

97.  ent  'sample  amour.t?(  F  •u9/ml)',ynj 

98.  next  I 
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99i  for  I»1*E  to  D 

lOOi  fmt  .f2.0.?«,f3.0.2x.f7.3i«»rt  16. 1 -E.Xt  1)  .Vt  1 1 
toil  next  I 

109t  If  X(D)<600|EOO)XtO»ll|VfO]>yrD*lltO*l>D 
103t  for  1-1  to  D 
104i  if  Xrn-€00|jaip  9 
lOSi  if  Ydl-Oi.OOOOODVdl 

i06i  rx[nYd*d-xd*i)Yd))/cxtn-xd*ii>>A 
107  •  <Yrn-vd*i  j>/<xc  n-xd*ii)>B 

108i  for  T-X(n  to  Xd«ll 

109i  TlUd) 

llOi  A*eU(Tl>VtT] 

nil  next  T 

112i  next  1 

113i  for  1-1  to  600tUd)>Xdl|Vfn>ydlinext  I 

114i  ret 

115i  MTF't 

116i  assn  Ut(3],l,0 

117i  sread  l.Ct 

118i  for  I-l  to  600 

119i  (itf (Otl 2 1 -1.^1 l)/10000)*i0-B>U:  11 
120i  f/60>Xin 
121 1  next  I 


3t  •VCHO  REL.  R  n/19‘i 
1i  prt  ‘RCHO  Release  Rate* 

2i  d.m  Ad51.A«(81,8«;2C).E0C61>F»16I>l1.N,N0d5.151.Mttl5}»dlie  T0r4! 

3i  dim  MldS.lSl 

4f  ent  *4  of  run  in  dl 9k (1 ,2. .  )?•  .IJOl  1 1 
Si  ent  *Has  this  been  plotted  before7*.T0 
6i  dap  'Have  your  plotter  ready!  Cont.'istp 
7i  'xxxinf 'lUtdl 
8i  •xxAL0*>Ut[3] 

9i  W$fl]}W«(2.1 , len<H«tll)1 
iOi  H»(11>H«(3,1  ,  lenCHOd])] 

111  Bsgn  H«t2],l,0 

12i  sr-ad  1 , Alxl , AO >81 .E< .F»,M,N,N01151 ,K» 

13i  -pc  |fxd  Otprt  *Run«>* ,Ari01,B1,At|9pc 

14i  dlM  Z:iO),0«C2MN]|diM  XCtlNl.YIMNJ.MtNNl.UteOOI.VieOOl.POdOl 
15i  if  T$-*l*,99b  'ITF* 

16i  if  T$-*l*iJmp  2 
17i  99b  ’DATA* 

18i  99b  ‘CACL* 

19i  gab  'AXES* 

20i  gab  'PIOT* 

21 1  gab  ‘'.ABLE* 

22i  ent  ’ANOTHEP  RUNi'.Xif  flglSigto  *3 
23i  dap  'CHOOSE  PROGRAM  FROM  S.F.KEY* 

?4i  atp  igto  -1 

25i  fmt  ISbiwrt  16,31,31 ,31. 31, 31.31, 31, 31, 31. 31. 31, 31, 31.31. 31|Brc  < t 
26i  dap  'SEE  YOU  NEXT  TiHE'icnd 
27 r  end 
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28 

29 

30 

31 

32 

33 
30 

35 

36 

37 

38 

39 
00 

•41 

02 

03 

00 

05 

•06 

•07 

48 

09 

50 

51 

52 

53 
50 
55 
SS 

57 

58 

59 
69 
61 
62 
63 

60 

65 

66 

67 

68 

69 

70 

71 

72 

73 
70 

75 

76 

77 

78 

79 

80 
81 


•AXES' t 

9Cl  -12N.65N.-A/6.1.05A 
axe  0,0.60, A/ 10 

csiz  l.S.l.S.l ,0|fxd  Oifor  1-0  to  lOipIt  •7H,IA710,-1 

fxd  2|lbl  IA/10{n-rt  1 

pit  25N.-A/1C,-1 ,lbl  "Time 

for  I-O  to  65H  by  60iplt  I-H, -A/20,-1 

fxd  0;lbl  I/60inext  I 

C9lz  1 .5 ,1 . 5 , 1 ,90 ’ f xd  0 

pit  -ION, A/0,-1 

Ibl  *RCH0  Releage  Rate  <3/Mln/m  I'lpen 

C9iz  1,1.5, .77, 90»plt  -11H.A/1.25.-I|lbl  •2' 

p^n»ret 

•CACL’:600>P 

if  T*-*l*i9to  'MAX* 

for  I-l  to  P 

x( I i/eoixi I  1 

next  I 
5>Vj05>G 


•ALOwt  /vol  (ug/ml  Ig/ntSlVreageiit  vol  Catl )  /gaa 
•aairf  1  ow<in*3/«ln)  /area  <ii>*2)  >g/«»ln/«»*2*  t 
for  1^1  to  P|VCI]«l»V/CxCA[0I/0>/At21>U[n 
next  I 


aampla  vo'.  CmI^* 


•MAX* : 

o>2]for  I-l  to  Ptif  Mtmztwrinr 

next  !  |fxd  2jprt  •►*ar  R3H0(3/fliin/ffl*2}-*  ,Z|9pc 

enp  ’MAX.  V-Scale?7',A 

OlOtfor  1-2  to  P|<‘.0(n*Mri-ll)/2n*D>rtnext  I  ipen 
if  Tl-*l*tj«p  2 
g9b  TTI' 
pen  I  ret 

•PtOT'tfor  1-1  to  Piplt  60X[n, MU  1.-2)  next  Iipemret 

•LABLE*.c9iz  2,1.5,: .Oiplt  3N, -A/6,-1 

Ibl  'Fig.  Aliphatic  Aldehyde  Releaae  Rate* 

fxd  0)plt  OON,A,-l)lbl  'RUN  e*,A[101 

C9l:  1 . 5, 1 . 5 , 1 ,0 ) f zd  0 

pit  40N..95A,-t«lbl  B« 

pit  OOH, . 9A, -I ) Ibl  •Tot^l  Released* 

pit  OON, .35A,-l|fxd  l;lbl  0,*  g/m  * 

C9iz  l,1.5,8.5/ll,0|lplt  -N,.015A,-l)lb:  •2*)e9iz  1.5, 1.5, 
C9iz  1.5, 1.5, 1,0 

pit  00N,.75A,-1 jfxd  lilbl  *heat  flux  * 
pit  OON,.7A,-l|lbl  Atll,*  w/em  "ifxd  5 
pit  49H, .6A, -1 ) Ibl  *SaMple  area  * 
pit  40N,.S5A,-l|lbl  AC21.*  m  • 

C9iz  1 ,1.5,8.5/11,0 

pit  52.8M,.71A,-l)lbl  •2*)plt  54N,.56A,-l|lbl  *2* 
pen  I  ret 

*rTI*ifor  1-1  to  600 

ftl  (CUr 17-61*. 1X100001 >60121-1,21 I 

next  I 

Mill  J  >140  t3,l  ,len4;H01 1111 
open  14013}. 6 
asgn  U0(3],2.0 
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8?i  sprt  ?,C$,*end* 

83;  I  -rt 

34 1  •L.^TA'i 

8Si  ent  ■Seqence?' .P« 

88 i  fmt  'SCOCNCE. . . '.e^iwrt  16, Pt 
87i  10)0 

88:  fmt  .f2.0,x.*P0INT«|wrt  16. D 

89i  fmt  “P* , 2* , 'see * ,2x , ■ lonug/ml •  HMrt  16 

90 1  1>P 

91i  If  R-l|l>X[nt0}Y(11|O*l>Oil>E 
92i  for  to  0 

93.  ent  ‘Time  Csec)?* ,xr 1) tnext  I 

94t  for  I»1*E  tc  0 

9Si  ent  'sample  amount?CRCH0>U9/inl}  *  .Yf  1 1 

96i  next  I 

97t  for  1-1*E  to  0 

98t  fmt  .f2.0,2x.f 'j.0,2x,f7.3|«»rt  16, 1-f  ,X[  M  ,Yt  11 
99i  next  1 

lOOi  if  XC01<600:600)X[0*l)|Y[OJ>YCD«lItD*l>D 
lOli  for  1-1  to  0 
102i  if  X[ll«600tjmp  9 
103i  if  YCtl'Oi.OOOOODYri) 

!04i  CXIIIYC  1*11 -X[  1*1  lYI  in/CXf  11-XI1*11>>A 

ia?i  CYC n-Yt l♦ll)/(xt^-xt:♦lJ)>B 

106i  for  T-Xlll  to  XCI*11 

107i  TIUCTI 

108i  A«3UtT))VrTl 

lOBi  next  T 

llOt  next  I 

nil  for  I-l  to  eOOtUCniXCIltVf  IllYCIlinext  I 

IIC;  ret 

I13i  'ITr'i 

114t  assn  HSrSI ,1,0 

llSi  sread  1,&< 

116i  for  1-1  to  600 

117.  Citf CC«r2I -1 ,21 l}/10300>*10-6>Htn 
tiSi  i/60>x;;] 

119.  next  r 

120.  ret 
*1833 


Oi  "RCHO  REL.  a  II/19'. 
li  prt  'RCHO  Release  Rate' 

2i  dim  AC15],At(8),P«C201,E$t61,Ftt61.M,N,Nltt5,lSl.MtI151|dlm  Tt(4 
3i  dim  MtClS.lSl 

4i  ent  '4  of  run  in  dl sk (1 , 2. . )?* ,M*{ 1 1 
5i  art  'Has  this  been  plotted  before?', Ti 
6i  dsp  'Hove  your  plotter  reedy!  Cont.'istp 
7i  'xxxinf'>M«I21 
8i  'xxALO'IWtCSl 
9t  MtC11}HtC2,l,len(U«ri]}l 
10.  M«(ll>rl«t3.1.1enCM«[l)}} 
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Ill  asQn  utrai.i.o 

12i  sread  1 .Ata] .A$ ,B( .Et.F»,M.H,NtriSl .M* 

13i  spc  |fxd  Pjprt  *Kun/** ,A( 10} .Bt.Atispc 

dll*  ZdOI.^-'aCZliNlidln  X(MNl.Y(MNl.UfMN],UI600].VC6A01,PtIlAI 
15i  if  T»-*l*i99b  ‘irr* 

16i  If  T$-*l*;jmp  2 
17t  99b  'DATA* 

18i  99b  *CACL* 

19i  99b  'AXES* 

20:  99b  'PLOT' 

21  I  99b  'LABLE* 

22i  ent  'ANOTHER  RUHO‘,X,tf  flgiS.sto  *3 
23.  dsp  'CHOOSE  PROGRAM  FROM  S.F.XEV 
24i  atp  ;9to  -1 

25.  fmt  IGbtwrl  16 , 31 , 31 .31 .31 ,31 .31 .31 .31 .31 .31 ,31 .31 ,31 ,31 .31 ispc  • 'rt 
26:  dsp  'SEE  YOU  NEXT  TIME'jend 
27.  CTid 
23.  'AXES*. 

29.  9cl  -12N.65H,-A/6,1.05A 

30.  axe  0,0,60,AdO 

31.  C9iz  1.5,1.5.1,0|fxd  Ojfor  I-O  to  lOjplt  -7N,1A/10,-1 

32.  fxd  2tlbl  lA/lOinext  ! 

33.  pit  25N,-A/10.-1 jlbl  'Time  Cmln)' 

34.  for  I-O  to  65N  by  60. pit  I-H, -A/20,-1 

35.  fsd  Oilbl  l/60tn«xt  I 

36.  C9lz  1.5.1 ,5.1, SO.fxd  0 

37.  pit  -ION, A/4,  1 

33.  Ibl  'RCHO  Release  Rate  Cg/min/m  J'jpen 

39.  C9l2  l.l,5,.77,90jplt  -UN  A.1.25,-l|!bl  •2* 

40.  per, ret 
•41.  'CACL'.eCOlP 

42.  If  T*-'l'igto  'MAX' 

43.  for  I-l  to  P 

44.  X(i;/60}X[n 

45.  next  I 
•46.  5>V,45;G 

•47.  'ALOwt/vol  f'ia/n«l}9/iB3}*ree9ent  volCmD/gaa  sample  volCml>*. 

48.  "aa  i  r  f  low<a*3  'ml  n)  /area  (m*2}  >g/miTi/»*2*  . 

49.  for  I-l  to  P<YI I ]BlaV/G«(At4I/4}/AI2]}W[n 

50.  next  I 

51.  'MAX'. 

52.  0>Zjfor  I-l  to  P,if  wrn>Z|Win>z 

53.  next  Itfxd  2iprt  'Max  RCH0<9/mln/m‘'2>-*  ,Z|9pc 

54.  enp  'MAX.  Y-Scale?‘>' , A 

55.  0>D|for  1-2  to  P> CUI I J-KI I-lI}/2M«D>Dtnext  Iipen 

56.  if  T«-'l'»Jisp  2 
57:  995  TTI* 

58.  peniret 

59.  'PLOT'.for  I-l  to  Pipit  60XC 1 1 .Ml  I } . -2|ncxt  Iipenirct 

60.  *LA8t.E’ .cslz  2 , 1 . 5 , 1 , 0  ipl  t  3N. -A/6,-1 

61 1  Ibl  Tig.  Aliphatic  Aldehyde  Release  Rate* 

62.  fxd  Ofplt  40N,A.-l|lbl  'RUM  #*,A(10] 

63.  C9lz  1 . 5 , 1 . 5 , 1 , 0  I f xd  0 

64.  pit  40N,.95A,-l;lbl  BO 
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6Si  pit  40N,.9A,-lilbl  ‘Total  Released* 

66i  pit  40H..85A,-lif*d  llbl  0,*  9/*  ‘ 

67i  estz  I.I.5.8.5/II.O1 iplt  -N,.015A.-lilbl  *2*icslz  1.5.1.S»1.0 
68i  cslz  1.^,1. 5,1 ,0 

69i  pit  40N..75A,  lifzd  Itlbl  ‘beat  flux  * 

70i  pit  40H,.7A,-1  jlbl  AriJ,‘  Wcflt  ‘|fxd  5 
71i  pit  40N..6A,-l|lbl  ‘Sample  area  * 

72t  pit  40H..55A,-l|lbl  AI2J.‘  m  • 

73i  csiz  1,1.5,8.5/11,0 

74i  pit  52.8M,.71A. -1,1H  ‘2‘iplt  54H. .56A. -1 i Ibl  ‘Z* 

75i  peniret 

761  ‘FTI‘ifor  I-l  to  600 

77t  ftt  (/wr n*6)‘.iel0000>>&*£21-l ,21 J 

781  next  1 

79i  UtCl}}Mt(3,l.len(Mt(inJ 
80 1  open  UiS(3],6 
81 1  asgn  Wt[3],2,C 
82i  sprt  2,C«,‘end‘ 

83 I  ret 

84  I  ‘DATA* I 

85i  ent  ‘Science?* ; P* 

86:  fmt  ‘SEQCHCE. . . ‘ ,c2iwrt  16,P« 

87i  lOVD 

881  fmt  , f2. 0. X, •PCINT‘,wpt  16,0 

89:  fmt  ‘e‘ ,2x  , ‘sec  *  ,2x, ‘ionug/ml  ‘  i*»r  t  16 

90t  1>P 

91i  If  R-1 jl>XIl]i0>Ytll|O*l>D|l>E 
92t  far  I-1*E  to  D 
93:  ent  ‘Time  Csec)7‘ ,Xt 17 jnext  I 
94:  for  I«1*E  to  D 

9Si  ent  ‘sar'iple  amountTfRCHO'ug/ml)  ‘  ,V[  1 1 

96<  next  I 

97i  for  I-1*E  to  C 

98:  fmt  .f2.0.2x,f3.0,2x,f7.3iwrt  16, 1 -E ,Xr 17 ,Yl 1 1 
99:  next  I 

lOOt  If  XC01<600|600)X[0*l}|V[OJ>VfD*l}|0*l>D 
lOli  for  !■!  to  0 
102:  If  X[n’-600ijnp  9 
103t  If  Y(I1«0, .OOOOOllVlfl 

104:  cx( iiYT iMi-xr i«iivm>/cxri j-xri*ii)>A 

105.  <YtI  J-Yf  I*117/fX(n-XII*ll)>B 

106.  for  T'Xdl  to  X(I*11 

107.  T7U1T7 

IO81  A*BU(T]>V(T7 

109.  next  T 

110.  next  I 

111.  for  I-l  to  600]Uri]>XriI|VIl]>V[ll|next  I 

112.  ret 

113.  ‘ITF*. 

114.  asgn  Wt[31,l,0 

115.  sread  1,G< 

116.  for  1*1  to  600 

117.  <ltf «OtC2l-1.211)/10000)*t0-6>Min 

lie.  i/60>xrii 

119.  next  I 

120.  ret 
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•Oi  ‘PLASTIC  rLOM  METER  FROCRAM* i 
li  ftd  2 

2i  'trt , tape9, f 1 lcl8*  t 
3i  er.t  ‘BARO.  PRESSURE 
4i  ent  ‘ATR  TEMPERATURE  r?*.T 
5i  ent  ‘TOTAI  AIR  fLCW?*,0 
•  6i  ent  ’MLT.  AIR  FLOW‘>',M 
7 1  prt  ‘AIR  TEMPERATURE- ‘.T 
8i  0-MIK 

9.  prt  ‘AOJ.  AIR  FLCW- •  ,  •TOTAL-ML"-*  ,IC 
Ifli  prt  ‘BARO  PPE.-Wiape  2 
lit  ent  ‘AIR  PRESSURE  IN.?*.P 
12i  0>Ui0>Hs0>Q 

13i  dap  •!  AM  WORKING . • 

14t  T-4601T 
15t  £»>H 
16t  fxd  3 

#17:  10. 77S6621A t381. 67757>Bi -1402. 8801 >C|2814. 17S>0t -E116.4421TE 
18i  ‘CAL.* I 
19i  H/2.54/P1X 

20 1  P/\T«rA*B»X*Ci<(X*2-D«X»3*E»X‘*4)>0 
21i  if  Q<K|.001tH>Ht9to  'CAL.* 

22i  fxd  2 
23t  T-4601T 
24:  Y*1>V 
25i  ‘PRT*- 

26t  prt  ‘AIR  PRE.-*,P 
27i  prt  ’DELT-P  cm-'.H 
28<  H/2>M 

•29i  prt  'ADJUST  MERCURY  TUBE  AS  FOLLOWt' 

30t  prt  'LEFT-'.SO-W 

3Ii  prt  'RIGHT- '.SO-Wispc  2 

32i  dap  'AdJ .  Hg  Tubet  Check  Air  Pr «. Cent. ' j alp 
33i  Y-llY 

34 1  cfg  13ient  'Hea  Air  Pre.  Change  any7',Y 
35i  if  Y|dap  'Make  another  AdJ.'igto  11 
36i  dap  'CHOOSE  FROM  S.F  KEY. . . ,COHT. *  5 stp 
37 1  end 


•Ti  'TRANSFER  DATA  FROM  DISK  TO  PEEL  AND  PRINT  OUT  32080  S.N  L  tr kO ,f i ’ -lA* 1 
li  fmt  16b|wrt  16,31 .31 .31 .31,31 ,31 ,31 ,31,31 ,31,31 ,31, 31. 31.31 ,31|fe:  ape 
2i  prt  'Data  Tranaf er ' j ape 
3i  dap  'LOAD  MAGNETIC  REEL  TAPi:  ,Cont .  '  1  alp 
4t  dap  ' _ REWINDING _ 'swrt  704, '3  ' 

Si  dint  A(15I,At[8]. £1(20], E<C6],Ft[61,M.N,M>IlS:,N$tl7, 171 

61  dim  0(6301.816001,0*112001.2191 

7 1  dim  W«(15,61,Y<[10,10] . 3<(70 1 ,E(6001 ,C$ (401 

61  enp  '  /  OF  RUN  IN  THIS  DISR'’7'>  '.WOIISI 

9i  dap  'Do  you  have  the  following  file'>*iwait  1500 

10 1  ent  'HOx' ,Y*(11 .'NO' ,Y*121 , 'NOB* ,Y*C31 , 'HF' , YT t 41 , 'HCl ' , Y0C51 , ' A'  •'* .VOtSl 

111  'xxxinf'lWtIll 

12i  WtdSllWtd.l.lenCWttlSlll 

13i  drive  0 
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14i  asgn 

15i  sraad  1 , AS ■] . At .B» ,E» ,rt .N.N,Ntf IS) ,M< 

16i  ape  |fxd  Oiprt  *Run^>* , AllO) >Ct , At 

17i  >ax99Mk‘>Nt(l]|*xx9na9*}NtI2I}-xxhpas*}NtI3]:*xx02MR*>Ntf4) 

18i  ■xxpht'>Nt(51: ■xx«tein'>Nt'61t*xx9eo*>HtI71|-xx9eo2*>Ntt8l 

19 t  •xx3o2'>HtI9J, •xx9hcn*>Ntfl01|*xx9hc*>NtrilJ 
20  •  ■xx9nax*>Nt(121  t■xx9no■)»<tC131|■xx91>o^■>Htll4) 

21 1  • xxHF • >N 1 1 1 5 ] I • xxHCL • >Nt  f 16  J  » • xxALD • )Ht 1 17 ) 

22 1  prt  'DATA  IS  URITTIHG  ON . * 

23i  for  T-1  to  17 

24.  If  T-12,if  Yttl]/*1* igto  31 

25.  if  T-13jif  Vtt2]#*l'»gto  31 

26.  if  T-14,if  Ytt3)4M*i9to  31 

27.  if  T-15|lf  YtC4Jx*l*,9to  31 

28.  if  T-16|if  YtrSJ#*!* jgto  31 

29.  if  T-17jjf  Ytrei#*!* igto  31 

30 .  j  mp  2 

31.  'EMPTY  FILc'>NtrTJ,for  1*1  to  600|  OlCll )  iiipxt  ligto  57 

32.  Mt}Nt[T,l,lenCMt)] 

33.  drive  0 

34.  aggn  NtCTl.l.O 

35.  aread  l,0t 

36.  for  K-1  to  600,  Citf  <ritr2IC-l,2ICl>/lC000)‘‘13-6)EIKl 

37.  if  ECKXOjOIEtICl 

38.  next  K 

39.  1>H 

40.  if  T-1,0>E 

41.  if  T-2,2>E 

42.  if  T-3i2>E 

43.  i'  T-4,0>E 

44.  If  T.SjOlE 

45.  if  T-6,0>E 

46.  if  T-7,17>E 

47.  if  T-8jl3)E 
43,  if  T-9,21>E 

49.  if  T-10,6>E 

50.  if  T*11*19>E 

51.  if  T-12,23'E 

52.  if  T-13,23>E 

53.  if  T-14:23>E 

54.  for  I-1*E  to  600'Eiif  I>600|EI6031>CtH) , Jmp  2 

55.  EfIDCIHJ 

56.  H*l>H,next  I 

57.  gab  'wrt* 

59.  next  T 

60.  gab  ’mkf 

61.  'prt'.ent  'Need  Read  t  Printing?' , A, if  flglSigto  *3 

62.  gab  'rew' 

63.  gab  'red' 

64.  dap  'That 'a  all  for  CHAS/MATS  ''iand 

65.  'wrt'.wrt  704, '82000  M3  ' 

66.  end  7,'?UZ*tffflt  1 ,el0.3. for  I>1  to  600,«#rt  731 . 1 ,CI 1 1 inaxt  tirat 

67.  'wkf'.wrt  704, 'Y  ',ret 

68.  'raa'.dar  REWINDING. ,wrt  704, '0  'iral 
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eg 

70 

7; 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 
85 
84 


•r^d* .ent  • IBM  TAPE#' 
ent  ■HATE’.CI 


fmt  • . - . TAPE  •,  X.  f  13.  0,3x, 'CATE*,  x,c20,’ 

wrt  702. A, Ct 
wtb  702,10 
fmt 

wrt  702,' . DATA  RECOVERING . 

wtb  702,10 


^mt  'RUN#* ,f5.0,4*, ■DI8K-RUN',f2.0,*-*.c2,5*.-;15.3x,f4.1, 

wrt  702,A(10],A(11),I«:$,8»,A(1] 

wnt  ’ANY  NOTE' ,G* 

fmt  •NOTE;',c30 

wrt  702, Gt 

wtb  702.10 
f.jr  K-l  to  1 
7or  J“1  to  17 


85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100: 
101  ■ 
102t 

t03> 

I04i 


d^p 

wtb 

fmt 

fmt 

•prt 

*mt 

wr  t 
for 
fmt 
nex  t 
f  a,t 
wr  t 
for 
wr  t 
next 
wr  t 
•  ID 

wr  t 

T* 


•  .  .  READING.  .  •  ,N$[.y:  ,  •  F I LE  *  ,  J ,  •  .  .  .  ■ 

702,105wrt  704, *82048  R3  * 

2,z,fl0ifor  I-l  to  GOOired  705. 2 .Bill t next  1 

■•wrt  702, •FILE  #*.J,*  '.HttlJ 

702,*Firat  50  points* 

1*1  to  50  by  5 

3.5el5.3,wrt  702 . 3 , B t ! ’ . 2 1  I ♦! 1 . 911 *2 ) , Btl *3 1 , Bt I *4  I 
I 

70c,*La5t  50  points* 

1*551  to  600  by  5 

702.3.Bf  r  I  ,Bt  I  ♦:  I  ,8f  r*2J,Sf  f-*4J 

I  1 nex  t  J 

704, ‘Kl  *inext  K,wtb  702,10|ret 
*iwrt  704, *810  W1  *ic«d  7.*7;n* 

4,z,fl0. 0 

731 . 4 .AI 101 ,ret 

ifor  I»1  to  600  I  0  Id  I ]« next  Iiret 


«23972 


M/CM**:* 
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CHAS/SATS  COMPUTER  PROGRAM  PARAMETER  IDENTIFICATION 


N--LENGTH  OF  TEST  TIME 
M--DATA  POINT 


E$ . USED  NO  OR  NOX 

F$ - WHICH  CONC.  RANGE  IS  USED  FOR  NO  OR  NOX 

B$-- SAMPLE  NAME 
A$--DATE 

ACl] - HEAT  FLUX  (W/CM2) 


AC2]  — -SAMPLE  AREA  (IN2  m2) 

AC3] - AIR  TEMPERATURE  (c-K) 

AC -4]— AIRFLOW  RATE  (FM^CMM) 

AC-5]  — SMOKE  FILTER  F.S. 

AC-6]  — 

AC-7]  — INITIAL  MASS  (GM) 

AC-8]— DMV/IOOGM  MLU  SENSITY 
AC-9]  — 

AC-10]--RUN  NUMBER 
AC-ll]--OISK  NUMBER 
Z[l]— 2[10] 

. BASELINE  MV  OUTPUT  FROM  CHANNEL  1  TO  10 

DATA  FILE  CONTENT 


FILE 

1— ►lO 

RESERVE  FOR  MV  DATA 

FILE 

16 

SMOKE 

FILE 

17 

MASS  REMAINING 

FILE 

18 

MASS  LOSS  RATE 

FILE 

19 

HEAT  R.  R.  (T.C) 

FILE 

20 

AIR  TEMP. 

FILE 

21 

SAMPLE  TEMP. 

FILE 

22 

CO 

FILE 

23 

CO? 

FILE 

24 

02 

FILE 

25 

HCN 

FILE 

26 

HC 

FILE 

27 

NO-NOX 

FILE 

28 

HEAT  R.R.  (0?) 

FILE 

29 

HCL 

FILE 

30 

HF 

FILE 

31 

RCHO 

COMPUTER  SELECT  CODE  IDENTIFICATION 


702 . 7245A  PLOTTER  PRINTER 

704 . DYLON  1015A 

708  . 59309  HP -18  DIGITAL  CLOCK 

709  . 3495A  SCANNER 

722 . 3455A  DIGITAL  VOLTMETER 


A0-A117  449  MCDONNELL  DOUGLAS  CORP  LONG  BEACH  CA  F/G  1/3 

A  COMBINED  HAZARD  IN0£X  FIRE  TEST  METHODOLOGY  FOR  AIRCRAFT  CABI— ETCCU) 
APR  62  H  H  SPIETHf  J  6  GAUME*  R  C  LUOTO  DOT>FA77WA-4019 
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H)r-Ca1  Englneerlnq  I 
12105  Lm  Nietos  M. 
Santa  Fe  Springs,  Ci 


i<i 


8 

I 

5  S'* 


Si 


lilM 

w  c  •  ii 


I  mup  fiiii 

4!  S^stl 


illSsssill  I  I  lillsll  ilsll 


s  I 


t  t  t  t 


•  • 


M  f>l 


I  «i  n 

lh\i 

iiill 


8  **  !  - 

!  hlA  I  i 


•i! 

g 

Ih 


ilii, 

lliii 

illii 

•  * 


-181- 


FOMMnER/IBN  TAPE  *  The  Qylon  Corporation 
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APPENDIX  B 


This  Appendix  provides  additional  data  for  the  personnel  hazard  Halt  concept. 

1.  Five  minute  (HL)g  curves  for  fire  gases. 

2.  Modifications  of  the  Peterson  and  Stewart  Co.  (Carbon  Monoxide)  hazard 
equation  to  form  compared  with  CHI  Program  Hazard  Limit  Curve. 


LIST  OF  lUUSTRATIONS 

FIGURE  TITLE  PAGE 

1  HAZARD  LIMIT  CURVE  -  NO/NOx . 186 

2  HAZARD  LIMIT  CURVE  -  HCl .  186 

3  HAZARD  LIMIT  CURVE  -  HF-HBR . 187 

4  HAZARD  LIMIT  CURVE  -  SO2 .  187 

5  HAZARD  LIMIT  CURVE  -  H2S . 188 

6  HAZARD  LIMIT  CURVE  -  COCI2,  COF2  &  ACROLEIN .  188 

7  HAZARD  LIMIT  CURVE  -  NH3 . 189 

8  HAZARD  LIMIT  CURVE  -  FORMALDEHYDE .  189 

9  HAZARD  LIMIT  CURVE  -  ACETALDEHYDE . ; . 190 

10  HAZARD  LIMIT  CURVE  -  CO .  190 

11  HAZARD  LIMIT  CURVE  -  CO2 .  191 

12  HAZARD  LIMIT  CURVE  -  HCN .  191 


185 


2 


4  6 

CONCENTRATION  -  % 


FIGURE  B-1  HAZARD  LIMIT  CURVE  -  NO/NOx 


0.3  0.6  0.9  1. 


CONCENTRATION  .  % 

FIGURE  B-2  HAZARD  LIMIT  CURVE  -  HC1 


TINE  TO  INCAPACITATION  -  SEC  TIME  TO  INCAPACITATION  -  SEC 


300 

250 

200 

150 

100 

50 

0 

0  2  4  6  8  10 

CONCENTRATION  •  t 

FIGURE  B-3  HAZARD  LIMIT  CURVE  >  HF  -  HBR 


0  2  4  6  8  10 

CONCENTRATION  -  X 

FIGURE  8-4  HAZARD  LIMIT  CURVE  -  SO2 


CONCENTRATION  -  % 


FIGURE  B-9  HAZARD  LIMIT  CURVE  -  ACETALDEHYDE 


20  40  60  80 


CONCENTRATION  -  % 


FIGURE  B-10  HAZARD  LIMIT  CURVE  -  CO 


DERIVATION  OF  MODIFIED  PETERSON  AND  STEWART  HAZARD  LIMIT  EXPRESSION  FOR  HUMAN 

;xposuRrTo  carbon  HOHoxior  in  air' - - 

The  Peterson  and  Stewart  equation  developed  to  relate  the  quantity  of  CO 
buildup  In  the  blood  versus  the  concentration  of  CO  and  the  breathing  rate  Is 

%  COHb/llter  «  AX  carboxyhemoglobln  Increase  In  blood  per  liter  of 
contaminated  air  breathed. 

The  equation  recommended  (Reference  22  )  Is: 

log  (  aX  C0Hb/11ter)  »  1.036  log  (ppm  CO)  -  4.4793 

Simplifying: 

X  COHb/liter  =  iol*036  log(ppm  CO)  -4.4793  x  v  (liter/mln) 

Where: 

V  =  Hurran  Lung  ventilation  rate  at  various  levels  of  activity: 

V  =  6  liters/min  at  rest 

=  9.5  liters/min  light  activity 
=  18.0  liters/min  light  work 
=  30.0  liters/min  heavy  work 

To  modify  the  above  equation  to  the  hyperbolic  form  used  In  the  CHI  program: 

Ti  sec  .lifiBSiseO 
"  ppSTTo 

K  was,  by  definition,  related  to  a  concentration  of  COHb  shown  to  be  related 
to  collapse,  I.e.,: 

X  COHb  at  TI  -  46. 5X  COHb  saturation  In  the  blood 

Then 

“  (lo")  1.036  log  (ppm  CO)^  4".47d3  ^  v - 

T4  i X  46.5  X  60  _ 

’’  (10)  ^-036  log  (ppm  CO)  -  4.4793  x  V 

.  _ 8.406  X  107  _ 

(10.864)  109  IPP*  X  ¥ 

A  plot  of  this  relationship  Is  shown  In  the  Part  I  CHI  report. 
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APPENDIX  C 


FORTRAN  FIRE  ANALYSIS  COMPUTER  PROGRAM  (FACP) 

This  Appendix  contains  additional  Information  Irelated  to  the  FACP  and  Its 
development. 

I.  CHI  FACP  SMOKE  EMISSION  RATE  ALGORITHM 

II.  WATER  (STEAM)  GENERATION  ALGORITHM 

III.  GAS  CONSTANTS  USED  IN  PROGRAM 

IV.  IBM  TAPE/TEST  MATERIAL  IDENTIFICATION 

V.  REPRESENTATIVE  FACP  PRINTOUTS 
CHI  FACP  SMOKE  EMISSION  RATE  FORMULATION 


The  conventional  method  for  expressing  a  "concentration"  of  smoke  In  a  layer 
or  through  some  viewing  distance  relates  this  quantity  to  optical  transmission 
or  density: 

0.0,  =  log^g  ^  ^  ® 


Where : 


0.0. 

T 

Iq/J 

K 


S 


Optical  Density 

Percent  Light  Transmission  through  Pathlength  L  Meters 
Ratio  of  the  Initial  light  Intensity  to  the  Intensity  over 
pathlength 

Proportionality  constant,  similar  to  the  extinction 
coefficient,  which  may  be  Interpreted  as  the  optical  cross 
section  of  a  smoke  "particle"  *  1  m‘/SM0KE. 

SMOKE  concentration  In  "particles"  per  cubic  volume. 


Smoke  Is  measured  In  the  OSU  HRR  calorimeter  using  a  photometer  at  the  stack 
outlet.  The  photometer  Is  calibrated  and  measures  the  dynamic  changes  In 
optical  density  of  smoke  concentrations  flowing  through  Its  optical  viewing 
path.  The  formulation  employed  In  the  CHI  computer  program  uses  the  same 
emission  rate  calculation  as  currently  proposed  by  Smith  (Reference  1).  As 
output  In  the  CHAS  measurements,  the  concentration  of  SMOKE  is  calculated  as 
the  "particles"  emitted  per  cubic  meter  over  a  pathlength  of  1  meter  per 
minute  per  m^  of  test  sample.  A  concentration  In  terms  of  "particle"  of 
smoke  (SRR  unit)  Is  defined  as  the  quantity  contained  In  one  cubic  meter  of 
volume  which  will  reduce  the  light  transmission  over  1  meter  path  to  lOX. 
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Based  on  equation  C-1,  the  value  of  K  then  is: 

K  ■  logio  ^  ^ 

when  S  is  expressed  in  units  of  "particles*  per  cubic  meter.  The  light 
transmission  T,  then  can  be  related  to  the  smoke  concentration  by  substitution 
in  (C-1): 


'“Sio  (T)  •  SLK 

and  solving  for  T 

T  -  100 

‘  <Lk 


(C-3) 


(C-4) 


This  states  that  the  percent  transmission  for  a  concentration  of  one  smoke 
"particle"  per  m^  viewed  over  a  l-meter  pathlength  (SRR  unit)  would  equal 
10X  (S  -  1,  L  ■  1).  Two  particles  per  would  give  a  transmission  of  100 
(0.1)2  or  ]%^  three  particles  per  m^  would  g1#e  100  (0.1 )3  or  O.OOIX. 
etc. 


The  instantaneous  SMOKE  emission  values  output  by  the  CHAS  are  Input  by  means 
of  the  IBM  tape  to  the  FACP  as  particles  per  second,  Sm,  entering  each  of 
the  18  zones  in  the  CFS  (Figure  29)  or  as  a  well  mixed  concentration  In  the 
total  CFS  volume  (single  zone  program).  An  additional  assumption  Is  that  the 
flow  of  smoke  Is  proportional  to  the  totiH  gas  mixture  volume  flow  rate.  The 
smoke  data  from  CHAS  Is  calculated  per  m^  of  smoke  whereas  the  panels  burned 
in  the  CFS  were  24  ft^  (2.2  m?)  so  that: 


Where 


S„  (I). 


CHAS  SSU  .  AP 

2  *  ~ 
min  m  60  sec/ml n 


(C-5) 


CHAS  SSU  -  Standard  SMOKE  units  measured  Instantaneously  by  CHAS 
AP  ■  Area  of  Panel ,  aK 

Sim(I)  "  Instantaneous  SMOKE  "particles"  per  second  Into  a  zone  per 
panel. 


AIR 

IN^ 


3^13  "PlRTICLEj 
FT3 


GASES  *  SMOKE  OUT 


Sin(1)  flow  In  "particles"  per  second  enters  the  CPS  or  any  zone  In  the  CPS 
(per  20  zone  PACP).  Assuming  that  the  smoke  Is  nearly  equivalent  to  the  total 
mixture  weight  flow,  UM,  divided  by  the  mixture  density,  RHO.  The 
conservation  equation  describing  the  flow  of  SMOKE  In  terms  of  partlcles/ft^ 
for  each  Instant  of  time  Into  and  out  of  a  zone  or  the  CPS  as  Indicated  In  the 
above  diagram  Is: 


Based  on  the  area  of  material,  AP,  emitting  smoke  Into  a  volume,  V  of  the  CPS 
or  a  CPS  zone,  the  equation  for  the  rate  of  change  of  smoke  concentration  with 
time  can  be  written: 


dS  [I]  _  X  AP  (C-7) 

dt  V 

.  "Particles"  of  SMOKE  (Panel) 

Volimie  of  Compartment 

The  subroutine  PLODYN  (Pigure  29)  calculates  the  S(I)  out  of  the  compartment. 
The  OIPPEQ  SBR  numerically  Integrates  the  difference  equation,  (C-6),  and 
calculates  the  net  rate  of  Increase  or  decrease  of  smoke  "particles"  per 
second  In  the  compartment.  Integration  of  differential  equation  (C-7)  by  the 
RUN6KU  SBR  gives  the  S(I)  "particles"  per  ft^  after  conversion  to  English 
units,  and  calculates  thr  quantity  of  smoke  In  terms  of  transmittance  over  a 
burn  time.. 


T 

ToJT 


1 

/SRR  X  0.30S\ 


(C-8) 


SBR  ESTI  then  calculates  the  "fractional  Dose"  In  the  Portran  Program  using 
Allard's  Law,  q,1.v. 

The  PO  limit  for  smoke  Is  limited  In  the  calculations  and  plotting  of  the  PD 
curve  of  smoke  to  0.4  based  on  the  discussion  presented  In  the  Part  I  report. 

STEAM  GENERATION 


The  computer  program  calculates  the  ppm  concentration  of  each  gas  in  terms  of 
the  partial  pressure  ratio  of  each  (ith)  principal  combustion  product  to  the 
total  partial  pressure  sum  of  the  air  and  the  measured  gases  in  the  mixture 
(Dalton's  Law).  Since  each  test  panel  was  composed  of  a  variety  of  organic 
and  Inorganic  (nonburning)  materials,  many  organic  chemical  compounds  are 
generated  by  thermal  decomposition  during  burn  tests.  These  compounds  are 
constituted  from  differing  quantities  of  the  elements  carbon,  hydrogen, 
oxvgen,  nitrogen,  etc.  and  yield  correspondingly  different  quantities  of  lower 
molecular  weight  gaseous  and  liquid  products  in  the  regions  near  the  burning 
surface  of  the  parent  material. 


-195- 


Thermal  decomposition  also  produces  carbon  which  can  burn  to  produce  CO  or 
CO?  depending  on  the  temperature  and  the  availability  of  oxygen.  Smaller 
amounts  of  higher  molecular  weight  (liquid)  organic  products  of  combustion  may 
be  generated  as  aerosol  particles  which  are  filtered  out  In  the  CHAS  filters 
during  a  test  run  and  are  not  'therefore  measured  by  the  hydrocarbon  analyzer. 


The  chemical  equation  for  the  combustion  of  a  hydrocarbon  fuel  Is: 


Cn  +  X  [A(02)  +  B  (N2)  +  C  (CO2)  ♦  h  (H2O)]  * 
Pi  (CO2)  +  P2  (N2)  +  P3  (O2)  +  P4  (H20)  +  P5  (CO 
+  P6  (CxHy)  +  Pj  (NO.. ..Pi  (6) 


Where: 


X 

A 

B 

C 

h 


Pl-P? 

n.m.x.y 


moles  of  dry  alr/mole  of  hydrocarbon 

mole  fraction  of  O2  In  Inlet  air,  0.2095 

mole  fraction  of  N?  (and  argon)  In  Inlet  air,  0.79 

mole  fraction  of  CO?  In  Inlet  air,  0.00032 

mole  fraction  of  H2O  In  inlet  air 

partial  pressures  of  gas  products 

carbon  and  hydrogen  atoms  In  fuel  and  unburned  hydrocarbons 


In  this  equation,  the  dry  air  Input  to  the  CHAS  was  relatively  dry,  so 
humidity  was  neglected,  and 


Air  *  A  ♦  B  +  C  »  1 

The  molecular  weight  for  dry  air  used  in  the  FACP  was  28.9.  The  molecular 
formulas  of  the  unburned  hydrocarbons,  CxHy,  and  any  oxygenated  varieties 
In  the  combustion  products  were  not  known.  The  composition  of  the  unburned 
hydrocarbons  In  the  product  mixture  also  was  not  known,  so  a  simplified 
calculation  of  the  water  (steam)  generated  as  a  major  product  was  estimated 
and  added  to  the  other  gases  to  calculate  the  total  pressure. 

Carbon  burns  to  produce: 


O2  ♦  2C  «  2  CO 

(C-10) 

or 

2  O2  +  2C  ■  2  CO2 

(C-11) 

The  CHx  analyzer  used  In  CHAS  was  assumed  to  measure  the  carbon  number  of 
unburned  hydrocarbons  In  terms  of  methane,  CH4  (carbon/hydrogen  ratio  ■  4  to 
1),  which  when  burned  gives: 

2  O2  CH4  -  CO2  2  H2O  (C-12) 

Subtracting  (C>10)  from  (C-11)  gives: 

O2  -  2  CO2  •  2  CO  (C-13) 
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(C-14) 


and  adding  (C-12)  and  (C-13)  gives: 

3  O2  CH4  «  3  CO2  +  2  H2O  -  2  CO 

Rearanging  to  obtain  H2O: 

2  H2O  -  3  O2  +  CH4  •••  2  CO  -  3  CO2 
H2O  -  3/2  O2  ♦  1/2  CH4  +  CO  -  3/2  CO2  (C-15) 

The  CHAS  monitors  measure  oxygen  depletion,  and  the  concentration  of  CH4, 

CO,  and  CO2  In  real  time.  The  other  gases  and  products  (not  measured)  were 
neglected  in  the  FACP  calculation  for  water  (steam). 

GAS  CONSTANTS  USED  IN  FACP 

The  gas  constants  Input  as  Independant  variables  In  the  FACP  are  listed  In 
Table  C-1. 

TABLE  C-1 

GAS  COIfSTANTS  USED  IN  FACP 


FACP 

NO. 

GAS 

FORUMLA 

MOL. 

HT. 

Cp 

R' 

AMAX 

1 

O2 

32 

0.217 

48.3 

1 

2 

"2 

28 

0.247 

55.2 

1 

3 

CO2 

44 

0.205 

35.1 

4500 

4 

CO 

28 

0.243 

55.2 

144 

5 

NO 

30 

0.24 

51.5 

14.4 

6 

HCN 

27 

0.24 

57.2 

2.88 

7 

HF 

20 

0.335 

77.2 

8.64 

8 

HCl 

36.5 

0.185 

42.3 

1.5 

9 

RCHO  (HCHO) 

30 

0.24 

51.5 

3.0 

10 

CHx  (CH^) 

16 

0.525 

96.0 

1 

*  AMAX  >  K  value  limit  established  by  hazard  limit  analyses  and  used  to 
calculate  the  FD's  and  CHI  values,  X  sec 

R'  ■  Universal  gas  constant/N.W.  of  gas,  lb  ft/lb  *R 

Cp  >  Heat  capacity  at  constant  pressure,  Btu/lb  *R 

IBH  TAPE  IDENTIFICATION 

The  data  from  the  CHAS  runs  transferred  to  IBM  7-1nch  tape  are  identified  for 
reference  purposes  In  Table  C-2. 
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TABLE  C-2 

IBM  TAPE/TEST  MATERIAL  IDENTIFICATION 


HEAT  FLUX 
BTU/FT2  SEC 

H/CM2 

PAN 

EL  MATERIAL  &  TAPE  NUMBER 

1 

CM 

3 

4 

2.2 

2.5 

BA  482 

BA  475 

BA  479 

3.08 

3.5 

- 

BA  476 

BA  478 

BA  480 

4.41 

5.0 

BA  484 

BA  474 

BA  483 

BA  477 

REPRESENTIVE  FACP  PRINTOUTS  -  SINGLE  AND  20  ZONE  PROGRAMS 

The  FACP  prints  out  various  hazard  concentrations  changes  In  rate  of  surface 
temperatures,  fractional  doses  and  CHI  (escape  time)  values  at  5  second 
Intervals. 

The  20  zone  program  was  formatted  to  print  out  all  parameters  at  the  time  the 
summation  of  all  FD's  »  1. 


The  single  zone  program  prints  out  values  only  at  5  second  Intervals  or  other 
Intervals,  If  required. 

Tables  C*3  ad  C-4  show  FACP  20  zone  printouts  for  Panel  4  run  at  4.41 
Btu/ft2  sec  heat  flux;  Tables  C-S  Is  representative  of  FACP  single  zone 
printouts  for  the  same  material  heat  flux.  It  should  be  noted  that  the  20 
zone  printout  has  been  formatted  with  10  zone  columns  of  output  data  per  page 
while  the  single  zone  program  prints  the  output  data  serially  In  separate 
5-sec  data  blocks  for  each  parameter  In  a  column. 

The  abbreviations  used  In  these  printouts  are  Identified  as  follows: 


CHI 

Flow 

Wall  Temp 
Air  Temp 
DTA/OT 
SMOKE  FD 


Oz  P 
N?  P 
CO?  P 
CO?  FD 
CO  P 
H2O 
etc. 

SMOKE  or 
TRANS 


>  Summation  of  all  hazards  FD's 
«  Gas  and  smoke  flow,  Ib/sec 

»  CFS  wall  temperature,  "F 
■  CFS  air  temperature,  ®F 

*  Rate  of  change  of  air  temperature 

>  SMOKE  Fractional  Dose 

>  Oxygen  partial  pressure,  ppm 

>  Nitrogen  partial  pressure,  ppm 

*  Carbon  dioxide  partial  pressure,  ppm 

-  Carbon  dioxide  fractional  dose 

-  Carbon  monoxide  partial  pressure,  ppm 

-  Water  (steam)  partial  pressure,  ppm 

«  Smoke  transmittance,  XT/100 
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TABLE  C-3 

20  ZONE  FACP  PRINTOUT  OF  DATA  FOR  PANEL  4  MATERIAL  AT  4.41  BTU/FT^  SEC 


TABLE  C-3  (Cont'd) 
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